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PREFACE. 



The present volume may, it J9 hoped, supply a want 
which has long been felt ; that, viz., of a full, yet compen- 
dious and authentic biography of James "Watt. In a re- 
cent work,* prepared by the author from the MSS. of the 
great engineer preserved by his son, as well as from others, 
of no less value, in the possession of Mr. Boulton, there 
were comprised, (1.) a Biographical Memoir of Mr. Watt ; 
(2.) a Selection from his Correspondence ; and (3.) the 
Specifications of all of his Patents. Tlie favour with which 
that work was received by the press and the public ia 
gratefully acknowledged. The long series, however, of 
large copper-plate engravings of machinery by which it 
was illustrated,— (thirty-four in number, delineating no 
fewer than sixty-eight separate figures,)— necessarily raised 
its cost above the means of many who might otherwise 
have desired to possess it ; while the minute descriptiona 
contained in the specifications of patents, and their rela- 
tive drawings, are of course more desirable for the use of 
the scientific engineer and the mechanical philosopher, 
than of the general reader. 



■yGoot^le 



The anthor has now, therefore, ventured to remodel, 
and to reproduce in a form at once more compreheneive, 
more convenient, and lees costly, the Biographical Me- 
moir above referred to. A few unimportant pages have 
been omitted ; many of the most interesting passages from 
the correspondence of the great engineer have heen incor- 
poi'ated ; and other large additions, from varioiis sources, 
hare been made, — a considerable portion of the new mat- 
ter relating to Mr. Watt's family and private history ; 
while the principle has been adhered to, of allowing his 
inventions and discoveries to be explained, as far as pos- 
sible, in his own plain, clear, and forcible language. 

Of the immense results of those inventions, and their 
present and future value to the world, it is already diffi- 
■ cult to form any adequate conception. But some faint 
idea of their magnitude may be gathered from such fac*?; 
'"•as these : — that less than a single century ago, only a f:.'.' 
clumsy and imperfect "fire-engines," of the old atmosplii^Kc 
sort, were employed in pumping water out of some widely « 
scattered coal-pits and mines ; that they did their task 
laboriously, expensively, and badly ; that steam was not 
then applied directly, nor, as then nsed, was it capable of 
being applied with advantage, either to manufactures, to 
processes in the Useful Arts, to- Navigation, to Land 
Ti-ansport, to "War, or to Agriculture ; — and that now, the 
nnited steam power of Great Britain alone, employed in 
all of those different ways, (every engine having been 
eonstructed since the improvements of "Watt were first 
made known,) is estimated as equivalent 'fo the Tnanual 
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labour of 'wpwards of four himdred millions of men, or 
more tha/n dovble the numbsr of males suj^osed to inherit 
the globe.* How startling are such statistics ; — how elo- 
qnently is the panegyric of the inventor thiis expressed 
by the stupendous works of his genius I 

As a kinsman of the illustrious engineer, — as long the 
intimate friend and now one of the executors of his son, — 
and as the son-in-law of the late Mr. Boulton, the author 
has enjoyed tho peculiar privilege of unrestrained access 
to the stores of original documents, as well as of anec- 
dotes, by which this volume has been enriched. This cir- 
cumstance may be a sufficient guarantee of the genuine- 
ness and interesting nature of the materials from which 
he has had to select ; and the care bestowed in. moulding 
them to their present form will be well repaid, if it se- 
cures a complete and accurate history of the life of one 
whom the common consent of mankind has now placed' 
"at the head of all inventors, in all ages and nations." 

The checkered career of so great a man, — now dark 
wi|h shadows, now bright with lights, — may well teach 
the stern truth, — 

" That life is not ss idle ore. 
But iron dug from central gloom, 

And healed hot with burning fears, 
And dtpp'd in baths of hissing tears, 
And batter'd with the shocks of doom 
To shape and nae ; " -f— 

* 'Quarterly Review,' rol. ciy. p., 411. 1S58. 
t Tennyson, ' In Menioriam,' gcsFi. 
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yet it is full of hope and encouragement to those who 
read its lessons aright. For it sets forth the dignity of 
that intellectual pre-eminence, which crowns persever- 
ance in honourable toil ;— the lustre of tliat nobihty of 
soul, which finds ite highest scope even amid humble pur- 
suits ; — the majesty of that wisdom, which intently, tran- 
quiliy, and reverently searches out the mysterious works 
and ways of Creation. 

'■ Fomc is no plant that grows on mortal soil, 
Nor in Uie glistering foil 

Set off to (he world, nor in broad riimonr lies ; 
But lives and spreads alolt by tboso pure ejes 
And perfect witness of all-Judging Jove ; 
As He pronounces lastly on each deed. 
Of so muoii famo in Heaven eipect thy meed."* 

* MUtoD, 'Ljcidas,' L 13-84. 



PUBLISHEES' NOTE. %■-' 

The PubHshers have omitted portions of the original 
English edition which appeared unimportant and unin- 
teresting to the American reader. 
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LIFE OF WATT. 



OHAPTEK I. 

iNTHODrcrnoN — : 



The fame of James Watt, great as it imquestionably became in 
the course of Hs long and honoured life, lias increased since hia 
death in a degree that may, perhaps, be termed unprecedented, 
being co-ordinate with nothing less than the unlimited develop- 
ment of his own manifold inventions. 

The respect which in all ages and countries has ever been 
paid to inventors seems, indeed, to rest on something more 
profound than mere gratitude for the benefits wHch they have 
been the means of conferring on mankind ; and to imply, if it 
does not express, a consciousness that by the grand and original 
conceptions of their rainds they approach goraewhat more nearly 
than their fellows to the qualities and pre-eminence of a higher 
order of being. " The dignity," says Lord Bacon, "of this end 
of endowment of man's life with new commodity appeareth fcy 
the estimation that antiquity made of such as guided thereunto ; 
for whereas founders of states, lawgivers, extirpators of tyrants, 
fathers of the people, were honoured but with the titles of demi- 
gods, inventors were ever consecrated among the gods them- 
selves." * Of all the inventions which the ingenuity of man has 
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2 LIFE OF WATT. 

devised, that of the modem Bteam-engine is, whether we re 
its own mechanism and mode of performing its operations, or the] 
operations themselves, perhaps the most wonderful, and certainly 
the most useful " We must confess," says Belidor, " that this 
is the most marvellous of all machines, and that there are none 
of which the mecSianism has so much analogy to that of animals. 
Heat is the principle of its motion ; in its different pipes there 
takes place a circulation like that of the blood m the \ eins, having 
valves which open and shut themselves at right times , it feeds 
itself, performs its evacuations at regular jntenals, and draws 
from its own work all that is needful for its subsistence." * So, 
Wordsworth and Coleridge, when on a tour in Scotland, " passed," 
says Dr. Wordsworth, " a steam-engine, and Wordsworth made 
some observation to the effect that it was scarcely possible to divest 
oneself of the impre^ion, on seeing it, that it had life and volition.i 
'Yes,' replied Coleridge, 'it is a giant with one idea.'"! 

In proportion to the estimate which men have formed of the 
iniportaoce of the inventor's work is generally the desire they 
feel to learn the history of its origin and progress ; and of the 
development of the mind of its contriver. It will be seen from the 
following pages, that the life of the creator of the modem steam- 
engine was one, as has been justly remarked, of patriarchal sim-. 
plicity, " devoted to labor, to study, to meditation ;" and that in al 
humble condition, and a career of virtuous industry and patient 
thought, "projects were elaborated, which were destined to raise 
the British nation to an unheard-of height of power." 

The first of the paternal ancestors of James Watt,' of whom 
any notices have been preserved, is his great-grandfather; the! 
minute details of whose personal history, however, have shared! 
nearly the same oblivion in which even his Christian name is 
sunk. It is only known, from the traditions of his family, that 
be lived in Aberdeenshire in the earlier half of the seventeenthj 
centUiy, and followed the business of a farmer, whether of his 
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BURGH OP GREENOCK. 3 

own land or not we can only conjecture ! that his peaceful pur- 
suits did not exempt him, in " the troubles " of that period, from 
a rude summons to arms, and an early death in battle ; that he 
perished in one of the wars of Montrose, fighting, in all likeli- 
hood, fur the cause of the Covenant ; that his property viaa con- 
fiscated ; and that his orphan son, Thomas, was educated by the 
care of some distant relations. 

Thomas was horn, according to one account, in 1639, accord- 
ing to another io 16i2, and was at all events soon removed from 



He settled, eirlv in Irfe, m the little burgh of barony of Craw 
fordsdyke, or Cartsdyke, situated m the barony tf Caitsburn, in 
the close vii.mity of the town of Greenork in Renfrewshire He 
was a " teacher of navigation , ' or, as he is stjled on his t«mb 
stone, " Profe'-sor ot the Mathemaf icks , ' a vo''af ion for the exer 
cise of which it appears that neither Carts Ijke nor Greenock 
could, previous to that time, have afibrded any very wide scope 
Even so late as Ajril 1700, in an enquiry for tettlmg the 
amount of taxation to be made in respect of their trade, it was 
given in evidence that the hole sh pp ng of the two burghs 
together consisted of but one hh p belonging w holly to Greenock , 
three ships having pait-o n rs n Glasgow, and two harks and 
a traveller-boat, said to belong to Greenock. In this estimate 
there can he no doubt that the open or half decked boats employed 
in the herring or other flshenes were not mcluded. 

The population of Crawfordsdyke and of Greenock must, at 
the time of Thomas Watt's settlement there, have been small ; 
for we learn that nearly a century later it amounted to no more 
than four thousand one hundred souls in the whole parish. We 
may reasonably wonder at any teacher of mathematics whose 
practice was limited to so narrow a field, being able to derive 
even a sufficient subsistence from his erudite lahoui^. Yet not 
only did he maintain himself and his family, in respectability 
and comfort, on the limited earnings of such humble hut honour- 
able toil, but he also accumulated funds suflScient to enable hira 
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* LllPB OF WATT 

to pnTchase the honre in Crawfordsdjke in which ho hyed, with 
a garden attached, and afterwards a house in Greenoclt. 

Ho seems to have been highly esteemed among his worthy 
brother-citizens of the burgh i over which he was made chief 
magistrate, or "Baillio of the Baronyi" ho also Became an Elder 
of the Parish and Presbytery, as well as Treasurer and Clerk to 
the Kirk-Sesaiou, eccleswstieal dignities which must be supposed 
to bear witness to the mtegnty of bu hfo, and proofs remain of 
the nature of his doalmgs with msn and things in each of those 
capacities, which demonstrate the ngidity of the rule he mam- 
tamed orer the nnnds and morab of the little community. Ee- 
pairmg the cbnrch,— widenmg the bridge,— trying by mathemat- 
ical standards the weights and measures used in the bnrgh,— ate 
associated, m the r(«iords of the court in which he preddod, with 
hu infliction of penalties ibr assault and battery of the lieges, 
^ bis tbreatenmg with " the pam of fonrtie shillings Soots, Iditt -i 
B j._8«<»,» "ssicral of the young ones who'doos upon that night ' 
«^ Hallowm night abuse several yards in drawing of kail,'! ■ 
^lij^ljltmg and ordammg that "m aU 'tinie comeing, if any \ 
9 pBteonSjjfeipJiens, and they doe prejudice to any neighbour,- that , j 
ftho owa%_BaU takupao daainago attoir lyable in fomtie shil- J 
f ling Urn suoiss •TTiS'ic(,eit.nds to aU lorte of taim foules i ' 
Sand many other mstauce. bt daoijOinf equanv^nutoi' equally 1 
Feolemn, »,d, donbUessJeqUally salutarASfiit^fitM Wnntl, 
Kinglavems, onr„d.yu,d Saturday xa^^miAii^-th, reiXS 
M his oiemplaty censorship, to be " atstamea'finni after uino of the 3 
jLclock, at which tune the boll of the kirk Is allowed to bo rung, ' 
1 to give advertisement to all to repair to their own house, eieopl ui 
Item, of necessity, '—ofiendrng skippers were made "to acknowl- 
. ||eage,their guilt- in "looemg their ships and takmg them to ' 
j. seaward on the Sabbath Day,' and were then held to be cheaply ■ 
J let off by bomg "censured with a sessional rebuke, and admon- 
ished to carry more tenderly on the Lord s Day for the fulnre." 
, But the greatest eruption of the voloauo,of vme which then 
,_ I threateued to overwhelm Caredyke, with its torrent of moral lava, 

''i. , * '!- I 
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DEATH OF THOMAS WATT. 5 

'iprobably occurred when " the Minister informed the Session that 
.'mountebanks haying come to the place, had erected a stage for a 
stage-play to be acted thereon, and proposed" — (i. e. the Minis- 
ter, — not the moQutebaiiks !) — " they should fall on some effectual 
method for suppressing the same." And " the Session, consider- 
ing the thing to he unlawful, and inductive of much sin and 
looseness, appointed some of their number, to wit, James Craw- 
ford, John Clark, and Thomas Watt, to go to the Doctor (not the 
minister but the quack-mountebank), in name of the session, and 
discharge him to use rope-dancing, and men simulating them- 
selves fools, or women exposmg themselves to public [gaze] by 
dancing on the stage, or any indecent behaviour, allowing him 
only to expose his drugs or medicines to public sale." 

The name of Thomas Watt's wife was Margaret Sherrer ; by 
her he had six children, of whom Margaret, Catherine, and 
Thomas, all died in infancy, and Doritie, — so the name is spelt, — 
at the age of eighteen. Thomas Watt died on the 27th of Feb- 
ruary, 1734, "aged about 95 years," and his widow on the 2lBt 
of March, 1735, "aged 84 years," as stated in the Register of 
burials of the Old or West parish of Greenock ; or 92 and 79 
years respectively, as engraved on the tomb-stone of Thomas 
Watt and his family, in the church-yard of the same parish. 
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Two sons of Thomas Watt, John and James, grew up to man's 
estate, surviving their parents ; and both of them appear to have 
been diligently trained by their father in his own pursrats ; in 
which John, the elder of the two, was for some time able to be of 
aervice in assistiog his kind instructor. In 1712, JoimWatt, be- 
ing then twenty-five years of age, was appointed clerk to the 
barony of Cartsburn, and burgh and barony of Crawfordsdyke, 
of which his father was for many years the baillie. But he soon 
quitted Greenock for Glasgow, to seek a wider field for the exer- 
cise of his profession, and there, as a surveyor, he obtained con- 
siderable practice, dying unmarried at the age of fifty, in 1737. 
He left behind him a Survey of the course and Frith of the river 
Clyde, from above Rutherglen and Dalbeth on the East, to Loch 
Byan, Portincross, and the coast of Ireland on the South, and the 
islands of Islay, Colonsay, and part of Mull, on the West. This 
Survey was made in 1734; it was engraved in 1759, and pub- 
lished in 1759-'60, by the united cares of his brother James, and 
of his two nephews, John and James ; of whom the one perished 
at sea two years afterwards, on a voyage to America in one of hia 
father's ships, at the age of twenty-four, and the other was the 
great engineer. 

"Tho Survey," writes tlie latter in 1794, "as far as the 
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Point of Toward, was doae by my uncle before I was bom ; the 
remainder was added by my fatlier and my brother, but is not 
over accurate." Several alterations were made on the map, by 
the engineer's own hand, before it was engraved, particularly on 
. that portion of it comprehending the islands of Mull, Islay, &c., 
which occupies a separate division of the map, and is entitled, 
" Entry tfl the Kiver and Firth of Clyde and adjacent islands, ac- 
cording to the best authorities." 

James, the younger son of Thomas Watt, was bom on the 
28th of January, 1699, and it is said, after having served an ap- 
prenticeship to a builder and shipwright in Crawfordsdyke, to 
have settled in Greenock about the time of his marriage, in 1728 
or 1729, when, consequently, he must have been on the verge of 
thirty years of age. If not so deeply versed in tlie theories of 
abstract science as either his father or hia brother, — or, we need 
scarcely add, as his illustrious son, — he seems to have been not 
less energetic in the practice of those useful occupations to which 
he devoted his life. They were, in his case, a Somewhat multi- 
ferious compound of commerce and of the more ordinary handi- 
craft arts required for the purposes of commercial and seafaring 
men ; he was a shipwright ; a ship-chandler, supplying vessels 
with nautical apparatus, stores and instruments ; a builder, and 
a merchant. For upwards of twenty years he was a member of 
tlie Town Council of Greenock, and, during great part of that 
time, its Treasurer ; a magistrate, and always a zealous and en- 
lightened promoter of the improvements of the town of which 
he was an inhabitant. 

The lady whom James Watt of Greenock married was Agnes 
Muirheid, or Muirhead {for the name was indifferently spelt in 
either way), "a fine-looking woman, with pleasing, graceful man- 
ners, a cultivated mmd, an excellent understanding, and an equal, 
cheerful temper." She was descended from a^branch of a family 
of some note in the early history of Scotland, " settled in the 
shire of Clidesdale time immemorial, and certainly before the 
reign of David the first of Scotland, aano 1122." The ancient 
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family of the Muirheads of Lachop wto were ctiefa of their clan, 
gave to the see of Glasgow, in 1454 (before its erection into an 
archbishopric), its pious and learned Bishop Dr. Andrew Muir- 
head, who in 1468 was sent as Ambassador to Copenhagen, to 
settle tte marriage of Margaret "tte Maid of Norway" to King 
James III. ; and, in 1494, the same family supplied the realm of 
Scotland with a Lord Clerk Register, Judge, and Secretary of State, 
in the person of Dr. Eichard Muirhead, Dean of Glasgow. But 
the most glorious, though disastrous fate of the Muirheads, clan 
and chieftain alike, befel thera on the fatal day of Flodiien field, 
where they occupied the post of honour and of danger as the 
body-guard of the Eing. There, when, as the old song has if, 
" The English, for ance, by guile wan the day," they sealed their 
loyal devotion to their monarch with their blood; and Sir Walter 
Scott, in his "Minstrelsy of the Scottish Border," has preserved 
the record of their fatal feat of arms in the old ballad of " The 
Laird op Muirhead." 

Agnes Muirheid lived in happy wedlock with James Watt of 
Greenock for a quarter of a century, and died in 1755, aged 52. 
Her portrait, wbich is still in existence, well executed in oil colors, 
seems to justify the encomiums passed by those who knew her, 
on the great comeliness of her countenance, and on the quiet good 
sense and serene composure of her mind. In Mr. Williamson'a 
volume her likeness is thus drawn, and all that we have ever 
heard concerning her confirms the truth of the portraiture; "A 
gentlewoman of good understanding and superior endowments, 
wliose excellent management in household affairs would seem to 
have contributed much to the order of her establishment, as well 
as the every-day happiness of a cheerful home. She ia described 
as having been a person above common in many respects, of a 
fine womanly preseace, ladylike in appearance, affecting — accord- 
ing to our traditions — in domestic arrangements what it would 
seem was considered, for the time, rather a superior style of 
living. . . . Our venerable informant described James 
Watt's mother — in her eloquent and expressive Doric — as ' a braw, 
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I to be seen tike her' " It is said that her 
fleath was preceded by a singular dream, in which " she heard a 
voice reijuiring her to prepare for appearing within three days he- 
'fore the. judgment-seat of Christ ;" and that within liree daja 



John Muirheid, the brother of Mrs. Watt, and James Watt, 
her husband, were united in many mercantile adventures, and al- 
though Mr. Watt, in the latter part of his life, experienced heavy 
commercial losses, which swept away a great portion of the re- 
spectable fortune which his assiduous industry had realized ; we 
believe tiose to tave arisen from enterprises with which no mem- 
bet of his brother-in-law's family was in anywise associated. 

• Memorials of Walt, p, 154. 
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To Mr. Watt, of Gfreenock, and Agnes his wife, there were born 
five ebildren, of whom the three eldest— two sons and a daugh- 
ter — died in infancy or early childhood. The fourth mas James, 
the subject of this biography, who was born on the 19th day of 
January, 1736 ; and the fifth was John, ■who was bom in 1739, 
and died at sea, as has already been mentioned, in 1762. He 
had been destined to follow bis father's busings, and the fatal 
voyage to America, on which he was sent while still so young, 
was probably considered aa likely to prove highly advantageous, 
by increasing hia experience of nautical affairs, and enlarging 
the horizon of hia observation, and it is curious to observe how 
decidedly a turn for scientific pursuits seemg, in some measure at 
least, to have been common to every male of that family, so as to 
have become ahnost the birthright of both of the grandsons of 
Thomas Watt^ "the old mathematician." And it may be added 
that the same inclination continued to " run in their veins," till 
the line of direct male descent itself became extinct, by the 
death, without issue, of both of the sons of the illustrious im- 
prover of the steam-engine. 

The childhood of James Watt presents us with the spectacle, 
only too frequent in the histories of men of genius, of great deli- 
cacy of constitution, and consequent inability to bear an eixual 
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.part in either the toUa or the sporta common to other hoya of his 
■own a^. But the same excellent authority on which we know 
.that in his early years he was physically sickly and feehle, has 
, also told us that : — " When he was six years of age, a gentleman 
calling on Mr. Watt observed the child bending over a marble 
hearth with a piece of coloured chalk in his hand. 'Mr. Watt,' 
said he, 'you ouglit to send that boy to a public school, and not 
allow him to trifle away his time at home.' 'Look how my child 
is occupied, before you condemn him,' replied the latlier. The 
gentleman then observed, that the child had drawn mathematical 
lines and circles on' the marble hearth, and was then marking in 
letters and figures the result of some calculation he was carrying 
on 5 be put various questions to the boy, and was iiStonished and 
gratified with the mixture of intelligence, quickness, and simpli- 
city, displayed in his answers. ' Forgive me, Mr, Watt ; — this 
boy's education baa not been neglected: — he is no common 
child,' " 

" His parents were indulgent, yet judicious in their kindness ; 
and their child was docile, grateful,, and affectionate. From aa 
early age, he was remarkable for manly spirit, a retentive mem- 
ory, and strict adherence to truth ; he might be wilful or way- 
ward, but never was insincere. His faults were ever acknowl- 
edged with candour, and, when any quarrels occurred with his 
young friends, his father said, ' Let James speak ; from him I 
always hear truth,' " 

" He received from his mother his first lessons in reading ; 
his father taught him writing and arithmetic. Owing to varia- 
ble health, hia attendance on public classes at Greenock was 
irregular ; his parents were proud of his talents, and encouraged 
him to prosecute his studies at home. His father gave him a set 
of small carpenter's tools, and one of James's favourite amusements 
was to take his little toys to pieces, reconstruct them, and invent 
new playthings." Every one must admire the enlightened affec- 
tion which could, amid all the happy little works and ways of 
home, allow to the intelligent boy a latitude such as, in those 
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days of rigid paternal discipline, was perhaps uaiisual, but not 
misplaced; which could with watchful kindness supply every 
reasonable wish and want, suggest every cheerful and thoughtful 
occupation, and yet refrain from urging, in hours of illness or lan- 
guor, the opening mind to more sustained exertions, thus avoid- 
ing all risk of overstraining its energies, and of weakening its 
powers. 

Of the boyish years of the future mighty engineer, various 
incidents have been recorded, — some of them slight and trivial 
enough, such as are those of the little respect in which his school 
companions are said to have held his abstracted and contem- 
plative nature, his silent sufferings as an invalid, and his conse- 
quent disinclination — and, indeed, inability — to mix in boisterous 
play and unmeaning- idleness ■ as well as of the slowness with 
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value m every way, and far too curious to be here omitted. Their 
tendency is uniform, and in one direction ; while the authenticity 
of the MS. notice from which they are taken is unimpeachable, 
and its exactness has been effectually guaranteed. The document 
in question is entitled, " Meiooranda of the early years of Mr. 
Watt, by his cousin, Mrs. Marion Campbell (Ijorn Muirheid, 
daughter of his mother's brother), who was his companion in 
early youth, and friend through life ; dictated to and written 
down by her daughter, Miss Jane Campbell, in 1798." In 
thanking Miss Campbell in 1834 for a tcanscript of that paper 
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> the late Mr, Watt of Aston Hall (aon of the great engineer), 
j assured her that he attributed the greatest value to a record -which 
I he justly described as containing information at once eo full and 
, so specific ; and remarked that it was so accordant with all he 
, had himself known of his revered father's character in later 
years, that he entertained not a doubt of its perfect accuracy. 

"That his powers of imagination and composition," says 
Mrs. Campbell, "were early displayed, appears from the following 
incident. He was not fourteen when hia mother brought him to 
Glasgow to visit a friend ; his brother John accompanied them : 
on Mrs- Watt's return to Glasgow some weeks after her friend 
said, ' You must take your son James home, I cannot at'tnd the 
state of excitement he keeps me in ; I am worn out with want of 
sleep; every evening before ten o'clock, our usual hour of 
retiring to rest, he contrives to engage me m conversation, then 
begins some striking tale, and, whether humorous or pathetic, the 
interest is so overpowering, that all the family listen to hmt with 
breathless attention ; hour after hour strikes unheeded ; in vain 
his brother John scolds and pulls bun by the arm. Come to bed, 
Jamea ; you are inventing story after story to keep us up with 
you till after midnight, because you love company, and your 
severe fits of toothache prevent your sleeping at an earlier hour.' 
"Sitting one evening with bis aunt Mrs. Muirheid at the 
tea-table, she said : ' James Watt, I never saw such an idle boy : 
take a book or employ yourself usefully ; for the last hour you 
have not spoken one word, but taken off the Hd of that kettle 
and put it on again, holding now a cup and now a silver spoon 
over the steam, watching how it rises from the spout, and catch- 
ing and connecting the drops of hot water it falls into. Are you 
not ashamed of spending ycur time in this way?'" 

"In the year 1750," said M. Arago, in addressing the as- 
sembled members of the Institute of France, " each one of ns, in 
the same situation as Mrs. Mnirheid, would perhaps have used 
the same language. But the world has made a stride, and our 
knowledge has grown greater ; and so, when I shall immediately 
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explain to you that tlie principal discovery of our fellow-member 
was apartioalar mode of converting steam into water," [the con- 
densatiou of steam in a separate vessel from tlie boiler], "Mrs. 
Muirheid's reproof will present itself to our minds under a totally 
different aspect; the little James before the tea-kettle becomes 
the mighty engineer preluding to the discoveries which were to 
immortalise him ; and it will, by every one, undoubtedly be 
deemed worthy of remark, that the words condensation op 
STEAM should naturally have come to find a place in the history 
of Watt's early childhood." 

Mrs. Campbell's narrative continues : — " It appears that when 
thus blamed for idleness, his active mind was employed in inves- 
tigating the properties of steam : he was then fifteen, and once 
in conversation he informed me that before he was that age he 
had read twice, with great attention, S'Gravesande's Elements 
of Natural Philosophy;* adding that it was the first book upon 
that subject put into his hands, and that he still thought it one 
of the best. When health permitted, hia young ardent mind 
was constantly occupied, not with one hut with many pursuits. 
Every new acquisition in science, languages, or general litera- 
ture, seemed made without an effort. While under his father's 
roof, he went on with various chemical experiments, repeating 
them again and again until satisfied of their accuracy from his 
own observations. He had made for himself a small electrical 
machine, and sometimes startled his young friends by giving 
tliem sudden shocks from it." 

We pause here to remark that in point of novelty, and, in- 
deed, also of mental capacity, req^uired to apprehend its true 
nature and construction, an electrical machine was in those days 
a very different thing from one made or used at the preseat time. 
For young Watt's performance must have been about the years 
1750-53 ; and, as many of our readers are aware, the Leyden 
phial was not invented fill the yeai's l745-46.t 
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, " His early years were passed in Greenock ; from the age of 
•fourteen he was often in Glasgow with his uncle Mr. Muirheid, 
'and read and studied much on chemistry and anatomy. He 
jtook a deep interest in this latter subject, and in all connected 
'with the medical art, and was once observed carrying off a child's 
Jhead that had died of some unconunon complaint." Mr. Watt 
'continued through life much attached to the medical art, and had 
■deeply studied his own constitution. Retreated his own com- 
plaints, and those of his family and friends, secundum artem ; and 
told his son that had he been able to bear the sight of the suffer- 
ings of patients, lie would have been a surgeon. 

" Under Mr. Muirheid's roof he met with good society, and 
formed friendships with several intelligent and well-educated 
young men; they had frequent evening meetings to give or 
receive information. These gentlemen acknowledged and appre- 
ciated Mr. Watt's superior abilities ; his manners were so kind 
and unassuming that no jealous feelings were ever excited ; his 
warm affections and stem integrity commanded their esteem and 
regard ; yet they sometimes feared while they loved him, as ha 
Lad no patience for folly, and could be sarcastic. 

"The agony he suffered from continued and violent headaches 
often affected his nervous system, and left him for days — even 
weeks — languid, depressed, and fanciful ; at those times there was 
a roughness and asperity in his manner that softened with 
returning health. He often passed the summer months in Mr. 
Muirheid's family, on the banks of Loch Lomond, near the spot 
where Buchanan the historian was born, and the celebrated 
Napier of Merchistoun passed many years of his life. Mr, Watt 
was partial to the country, and when health permitted, entered . 
with his young companions into its active sports and amuse- 
ments. Lidefatigable in his habits of research and observation, 
every excursion he took extended his knowledge ; not contented 
with adding to his botanical and mineral treasures, he entered the 
cottages of the poor to study their characters, and listen for hours 
to their local traditions, popular ballads, and wild superstitions. 
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"He enjoyed society in a small select circle; Ma talents for 
conversation were ali^ays remarkable ; he seldom rose early, but 
accomplished more in a few hours' study than ordinary minds do 
in many days. He never was in a hurry, and always had leisure 
to give to Lis friends, to poetry, romance, and the publications of 
the day : he read indiscriminately almost every new book he 
could procure. On a friend entreating him to be more select in 
his choice, he replied, ' I have never yet read a book, or conversed 
with a companion, without gaining information, instruction, or 
amusement.' He was alternately very active, or, apparently, 
very indolent ; and was subject to occasional fits of absence. 
He had a quick perception of the beauties of nature, and de- 
lighted in exploring the wild glens of his native land, and tracing 
to their source the mountain torrents. Though modest and 
unpretending, yet, like other great men, he was conscious of Ins 
own high talents and superior attainments, and proudly looked 
forward to their raising him to future fame and honour." 

Such, with the exception of a short concluding portion rela- 
tive to Mr. Watt's married life, which will hereafter be intro- 
duced in its proper place, is the whole of Mrs. Campbell's succinct, 
yet comprehensive narrative. We hope that " the reverence of 
kindred" does not unduly influence our judgment, when we 
venture to express a belief that it ■will always occupy an honour- 
able place among the annals of the childhood and youth of great 
men. It is not often, indeed, that so forcible a sketch has been 
drawn of the early character of one afterwards so highly distin- 
guished, by any artist favoured with such frequent opportunities 
of close observation of her subject, and at the same time, let ua 
add, with so happy a comn^nd of her pencil. We feel assured 
that the portrait she has given us of James Watt in Ms youth, 
distinct as are its features, and fresh and lively as are its tints, is 
neither painted in too glowing colours, nor in any way too highly 
varnished; and that by all who attentively consider it, it will be 

nitted to bear on its countenance the stamp of a self-evident 

ility. 
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CHAPTER IV. 



During the period to which Mrs. Campbell's raemoranda chiefly 
apply, hia lather s house ia Greenock was the head-quarters of 
young Watt, from which he frequently made such excursions as 
she has described, to the homes of other kind relations and friends, 
either -during; his vacations, or when health rendered change of 
air and relaxation advisable. The commercial school of a Mr. 
McAdam he attended, though, as it is said, not very punctually, 
nor perhaps over diligently ; a more than respectable proficiency 
in Latin, and some knowledge of the elements of Greek, he 
attained under the tuition of a learned and virtuous person of the 
name of Eobert Arrol, master of the grammar-school of Greenock ; 
mathematics he studied with far greater zest, and with propor- 
tionate success, under one John Marr, whose desie^aation is given, 
in the attestation of some deeds of that date, as " mathematician 
in Greenock." 

During the course of early education which he was thus re- 
ceiving, the boy is said to have been often known to stand 
angling from a jetty which ran out into the sea, at the back of 
his father's house on the shore at Greenock ; and which thus 
offered a tempting opjwrtuaity for exercise of the gentle, silent, 
and solitary art Such pastime, so invitingly presented to his 
hours of leisure, he must have been either more or less than a 
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boy altogether to have slighted ; and we should have been very 
willing to credit, upon any tolerably circumstantial authority, the 
further statement that the same recreation was " often resorted 
to by him even in after-days, wjiea confinement or over-applica- 
tion to study had rendered a slight or temporary relaxation 
necessary to his constitution," &c.* Bat we have no other 
ground than the general statement above cited, for being able to 
do so ; and there is only too much reason to think that, during 
by lar the greater part of his long and laborious life, Mr. Watt 
had neither the leism-e, nor often the opportunity, nor latterly 
perhaps the inclination, to amuse himself with that peaceful 
recreation, to many minds so full of delight, so calmly contem- 
plative, and healthfully active. 

However that may have been, there were pursuits which young 
Watt preferred even to tie sports usually most popular with 
youths of his years. The ill health which at first seemed likely 
to form an obstacle to his rapid advancement in learning, seems 
to have had in his case, as in that of many others, only the effect 
of forming habits of persevering study, and of a disregard of 
temptations to the indolent loss or frivolous waste of time and 
thought. "I even think it an advantage to me, and am truly 
thankful for it," says Dr. Priestley, "that my health received the 
check tiiat it did when I was young; since a muscular habit from 
high health, and strong spirits, are not, I think, in general accom- 
panied with that sensibility of mind which is both favourable to 
piety and to " speculative purBQit3-"t And to the successful cares 
of James Watt's homely tuition may in a great part be traced not 
only his habitual industry, and practice of many other humble 
virtues, but also that neatness in drawing, handwriting, and other 
manual occupations, together with skill in the computation of Quin- 
bers, which he was wont to reckon among his favourite accomplish- 
ments ; as well as that strong love of order which presided over 
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fiveij arrangement, and bestowed on his conversation and tl 

in an extraordinary degree, all the excellences of a lucid method. 

In witnessing his father's mode of conducting his business, 
and assisting him in several of its details, he appears to ha™ 
acquired both good habits of commercial and manufacturing dili- 
^nce, and many useful rudiments of practical mechanics. The 
carpenter's benches and tools whicli that business kept in full 
occupation, were fraught with instruction to a mind that was 
abcady decidedly bending itself towards the study of the mechan- 
ical arts; and the frequent completion or restoration of the rigging, 
fittings, and furniture of a ship, — the sails and ropes, the blocka 
and tackle, the pumpa and capstans, the rudder and compasses, — 
involved the application of many ingenious resources of a rude 
sort of natural philosophy, which he was not slow to apprehend 
and treasure up. He soon learned to consfjuct, with his own 
hands, several of the articles required in the way of his father's 
trade, thus gaining a ready iamiliarity in working with the dif- 
ferent kinds of metal, wood, and other materials, and a service- . 
able knowledge of their comparative qualities. He had a small 
forge set up for his own use ; was fond of repairing and making 
all sorts of instruments ; and did not disdain to form out of a 
large silver coin, and present to a, friend, as a trophy of his early 
skill as a metal-amith, the Eegiian Donum of a silver punch-ladle. 

His father made and erected, for the use of " the Virginia 
tobacco ships," the first crane e^ er seen or employed at Greenock ; 
and of that, as of many other useful or curious machines — (among 
their number was a barrel organ), — small working models were 
neatly prepared by the young artificer. Even in his extreme old 
age there were not wanting occasional recollections of the minor, 
bat secret, mysteries of such handicraft, in which he had been 
initiated when working, "in his shirt-sleeves," in the carpenter's 
shop: — as when, in his eightieth year, he instructed a certain 
great bookseller to have his boxes for books planed on the inside ; 
or wrote to Sir Henry Kaeburn (2d March, 1816), " I beg to advise 
your packer always to rub his wood-screws on some candle-grease 
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before he screws tliein in : it will tend much to his own ease as 
well as to that of him who unscrews them." 

A familiarity with the use and principles of construction of 
the telescopes, quadrants, and other optical instruments of which 
his father kept a stock for the supply of ships, was also early 
acquired by the boy, who always manifested a strong inclination 
to observe the problems of the physical world around him, and to 
reflect on their causes. "The prosecution of his favourite geom- 
etry," says Mr. Williamson, in introducing another of those inter- 
esting local anecdotes which give its peculiar value to his work, 
"now occupied habitually his thoughts and time; and it is not 
surprising that astronomy should have become with him a fasci- 
nating; study. In the repositories of his father were to be found 
abundance of optical instruments of various kinds, calculated to 
render his observations of the heavenly bodies both accurate and 
enlarged. Of these the young astronomer sedulously availed him- 
self , . . To the south of the town, and on the rising ground 
behind the church, at no great distance from his father's house, 
was a clump of trees of considerable extent, composed of stately 
elms and venerable beeches, part of what were, in former days, 
the retired and beautiful pleasure-grounds of the Old Mansion- 
house of Greenock. Here the young recluse found a genial 
retreat. To this spot he was wont to retire at night as well as 
by day ■, and, like another Ferguson, the astronomical terd-boy of 
Scotland, was known to spend hours lying npon his back, to watoh 
through the trees the wondrous movements of the stars." * 

A circumstance which, whether we regard it as merely a curi- 
ous coincidence, or as having perhaps in some degree exercised 
a prophetic direction over the future destiny of young Watt, must 
be considered as certainly remarkable, is, that among the few arti- 
cles of household decoration of which the humble mansion of 
Thomas "Watt and his sons could boast, were portraits of John Na- 
pier, the celebrated inventor of logarithms, and of Sir Isaac Newton. 

• Memorials of Watt, pp. 1E7 and 1S8. 
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These paintings are not of any very extraordinary pretensions on 
the score of art ; the Newton, in particular, appearing to be 
a rather indifferent copy of not the best original. But the por- 
trait of Napier is, irrespective of the history of Watt, of high 
interest, having every appearance of being either an original 
likeness, or at the least a contemporary copy of a good original, 
painted with care and fidelity. It is "without the cowl;" and 
appears to be the vera effigies of the sage, in those latest years of 
his life when snows of age had fallen on his head, and furrows of 
ancient thought had been ploughed deep upon his brow ; when 
not only had his great work, tho ' Mirifici Canonia Logarith- ■ 
niorum Descriptio,' been for some years made public, but even 
his 'Khahdologia,' the l^t of all his works which appeared in 
his lifetime, was either published, or, at least, completed in its 
author's mind ; for bis left hand is represented as resting on a 
set of those figured implements of calculation, commonly known 
in his own country as " Neper's Bones." 

In precincts hallowed by such Lares and Penates, and not 
devoid of the "imagines majorum," — for portraits of Thomas 
Watt and Margaret Sherrer, as well as of James Watt, sen., of 
Greenock, and of Agnes Muirheid, then hung on their walls, and 
are now associated in a family series with those of their more 
Illustrious descendant — the boy grew to the age of nearly eighteen, 
a contemplative, yet far from inactive youth. But hia ideas were 
destined to be expanded, and his hopes to be checked, amid 
increasing reverses of his father's fortunes. So far, indeed, did 
those reverses at last extend, that it became necessary that both of 
Mr. Watt's sons, at as early an age as possible, should be trained 
to rely for their firture comfort or distinction, and indeed for 
their very subsistence, on their own independent and unaided 
exertions. 

From the aptitude which James displayed for all kinds of 
ingenious handiwork, and in accordance with his own deliberate 
and earnest choice, it was decided that he should proceed to 
qualify himself for following the trade of a mathematical-instm- 
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ment-jnaker , — a career ra which, besides the prospect of turning 
to good account hiB habits of iniustry, hiB accuracy of eye, and 
neatness of hand he doubtleBs foresaw opportunities, such as no 
other calhng within his reach vii, likely to afford, of gratifying 
his thirst for the knowledge of physical bCitnce. 

With these views he came to Glasgow in June, 1754, being 
iiien eighteen years of age, and remained under the roof and 
care of his maternal relations, the Mturheida, till the month of 
May m the following year There is still extant a document 
whith bears amusing testimony to the almost primitive simphcity 
with which hiB migration from the paternal home was performed. 
It IS entitled, m the clerkly hand of their jouthful possessor, "A 
list of James Watts clothes taken to f lasguw" and after 
certam "silk stockmgs," " ruffled, shirts and cut velvet 
waistcoats, there follow in it " one working ditto one leather 
apron/ "a pair bit>els, about a score of the most needful tools 
;arpentry, and a quadrant Of at) the latt«r items (with the 
exception of the "pair bibels," which were it seems somehow^l 
f^^^ber tmaccoujitably left behind ') it will soon he seen he made*^ 
dextei^ ai)d sncceBsfnl use 

;?i*5)unng'lnB stayftt that time m Glasgow yoTingWatt enjoyed' 
the ady^ntaga pf ^jeifig introduced to the notice and acquamtanc* 
oftBeyecel of the inoatneaFOe4/-'|'Kj^Bsor8 m the Cuiyersit; 
'L through the m^tramenUlity pf fais.|noa)er'&-kmBtoanf-Mr George i| 
jji ,Miwhead,,i¥ho had josjUtthen e^fiha^gedfthe J^Tsfessorship of" ' 
^ Onontal l&QgQ^es for that of Latin ^d watr associated with his' 
i^ coUaagne Professor Moor in scholarlikelabours which have honour 
*" ab!y perpetuated his name i ' 

i 'ftatt, howeier, was not so fortunate as to become the pupil of 
anyi'rolesBor in the ancient Univereity, which the talents of men 
Buch as Adam Smith and Robert 8ims<m then so greatly adorned ; 
and the youthful student has himself recorded tiiat he never at- 
tended any courae of lectarea delivered within the walls, or by the 
teachers of the College But he at once gained the favourable 
notice of Dr Diet, who was joint Professor of Natural Philosophy 
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with his father from 1751 to 1757, to whoso society the subjectB 
Df his pursuits formed an immediate attraction, and of whose 
ahilities, as weli as of the kind interest he manifested in his 
lucceEs, Mr. Watt always spoke in terms of the most grateful 
praise. Dr. Dick, having ohserved the qualifications of his young 
&iend, and being consulted as to his outset in life, strongly 
recommended his proceeding to London, to acc[uire hetter instruc- 
tion in the art which he designed to practice, than could at that 
time be gained in Glasgow, or, indeed, anywhere in Scotland ; at 
the same time furnishing him with a personal introduction which 
proved very serviceable in obtaining for him the ad ta f 
such tuition. 

It heing arranged that young Watt should follow th n 1 

on the 7th of June, 1755, he set off for the great m t p lis 
in charge of his connection Mr. John Marr,* who, 1 1 
afterwards became the captain of an East Indiaman b t n 
after their arrival in London accepted the office of naval m t t 
on board the Hampton Court, a seventy-gun ship, th n lyi g at 
anchor in the Thames. They travelled, as was comm n a ury 
ago, on horseback, riding the same horses throughout the journey, 
which they performed in twelve days, including two of partial or 
entire rest. " There was in the days of which I write," saya Sir 
Walter Scott, "an old-fashioned custom oa the English road, 
which I suspect is now obsolete, or practised only by the vulgar. 
Journeys of length being made on horseback, and, of course, by 
brief stages, it was usual always to make a halt on the Sunday 
in some town where the traveller might attend Divine service, 
and his horse have the benefit of the day of rest, the institution 
of which is as humane to our brute laborers as profitable to 
ourselves. "t Their route ' was by Coldstream, Newcastle, Dur- 
ham, York, Doncaster, Newark, and Biggleswade ; and the prin- 
cipal note made by the young traveller in the new scenes through 
which be now passed, is a laconic one : — " I like the country 
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very [well], iut ihM ikepeopleare very sharp." ItnniBtbeadded 
in explanation of this concise and "canny" conclusion, tha 
nearly one-third of the time occupied on the road was spent ii 
riding through Yorkshire; in fact, the letter which contains it' 
was written at York. 

On their arrival in London no time was lost in endeavourinf 
to find a fitting instractor in the mathematical-instrument line,- 
fl task which at first appeared likely to prove one of unexpectei 
difficulty ; for the number of masters skilled in that scientifi. 
trade was then small, and it was " the custom of London " not b 
dispense with the regular apprenticeship of seven years oa inden 
ture. " r have not yet got a master ; we have tried several ; thev 
all make some objection or other," writes the poor lad. "I finJ 
that if any of them agree with me at aU, it will not be for lea 
than a year f and even at that tune [they] will be expecting som- 
money."f Having been nurtured in the observance of rigid fm 
gality, and being most dutifully anxious to avoid aU encroach 
ment on his father's means, which seem to have diminished in ai 
inverse ratio to his own necessities, his narrow finances were no? 
a cause of uncomfortable apprehension ; and altogether his earl; 
impressions of life in London were very far from being cither joy 
ous or encouraging. 

But by degrees a little light began to dawn above the din 
horizon. "Yesterday," writes Mr. Marr to Mr. Watt, sen., a- 
Greenock,^ " your son began to divert himself in cutting lettert 
and figures, -fc., in the shop of Mr. Ifeale, watchmaker, fron 
whom I had the small patent globes. Mr. Neale is the trankes 
tradesman of any of the fraternity I have seen. . . . Iq th« 
meantime I shall endeavour to see him employed at Mr. KeaJe's 
who inclines to have some of his work to show." His specimen* 
having been approved of, we find him, by the first week of July 
through the exertions of Mr. Shorty (a valuable friend whom Dr 

• • Mr. Watt to Ma father, Tort, 12 June, 1TE5. 
+ Mr. Watt to his father, London, 1 Jnlj, 1755. 
I Mr. Marr tu Mr. Watl, senior, LondoQ, 24 Jane, irsS. 
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Jiok's recommendatioti had procnred him,) at work on the braas 
lart of Hadlej'B quadrants, with Mr. John Morgan, mathemati- 
ial-instrument-maker in Pinch Lane, Cornhill, — "a man," soon 
ifterwards writes his youthful disciple, "of as good a character, 
)Oth for accuracy in his business and good morals, as any in big 
vay in London. Though he works chiefly in the brass way, yet 
le can teach me most branches of the business, such as rules, 
cales, quadrants, &c."' " Within the bills of mortality," adds 
tiarr, "he could not ha™ found a man better recommended for 
jood nature and mgenuity than Morgan."t And, " If it had not 
jeen for Mr. Short," writes the lad, " I could not have got a man 
n London that would have undertaken to teach . me, as I now 
ind there are not above five or sis that could have taught me all 
. wanted."! 

An agreelnent was goon concluded, with the a^robation a£ 
tfr. Watt, sen., for his son receiving a year's instruction from Mr. 
Morgan, for which he was in return to pay twenty guineas, and 
[ive his labour for that period in the business. After this hifl 
irogresB was rapid and steady. By the 5th of August, he had 
Uade a brass parallel ruler 18 inches long, and a brass scale of 
he same length, and was about to finish some of Hadley's quad- 
■ants ; by the 23rd of that month, he had done a Hadley's quad- 
■ant better than his master's apprentice, "who had been two 
fears with him." "-Very few here," he says, "know anymore 
Jjan how to make a rule, others a pair of dividers, and such lik^ 
Rthich they serve a seven years' apprenticeship' t« " In October 
le had begun to make rules, which it was then a most difflcolt 
iiatter to get good, " there bemg only one man who could make 
iiem perfectly well, and he having lately taken to other work " 
[n November he was busy with azunnth compasses , by Dooem- 
3er, 1753, he " conld work tolerably well ," and expected that by 
April he wonld understand so mnoh of his busmess as to be able 

• Mr. Watt to his fiither, London, Jnly 2lBt, 115S • 

t Mr. Man to Mr. Wat^ «enior, London, Aog fltt, 1T5S. 
t Ut. Watt to bi« lather, London, Sspt Sod, ITM. 
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to work for himself, or to be an asaistant to his father. Whe 

April arrived he was to make a brass sector, a theodolite, au^; 

some other instrmnents of the better sort s " and then," he writeii^-i 

" I think I shall be able to get my bread anywhere^ as I ata now, 

able to work as well as most journeymen, though I 

quick as many."* And when his year's toil was completed, and, 

the " leafy month of June " had again come round, he 

with some reasonable pride, that he could now make "a biM 

sector with a French joint, which is reckoned as nice a piece o 

framing work as is in the trade."t 

But all this early expertness was not acquired for nothing ; i 
coat him. a constant and hard struggle to reach that step on th 
upward ladder ; and his labours were rendered the more severe b; 
the state of his health, from which he had of late greatly suffered 
He had not ooly, as was his wont, led a life of the most regular 
and unremitting industry, and spared no exertion by which h 
might diminish to his father the cost of this part of his educatioi 
but his endeavours to attain that end were accompanied by 
rigid self-denial, on which, however in itself exemplary and laud 
able, it is almost painful to reflect. Lodging, it is believec 
under the roof of his master, but not receiving from him any o 
his board, the cost of his food was in all hut eight i 
a-week ; lower than that, he writes, he could not reduce it 
" wiOiout pinching his helly." Even of that pittance a great por 
tion was earned by hunself ; for ho found that he was able 
"win" some money on his own account by rising still earlie 
than he had to go to his master's work. The bread so bough 
must have tasted sweet indeed to his lips ; but at night he w 
thankful enough to get to bed "with his body wearied, and hii. 



lud 



hand shaking, from ten hours' hard work ;' 



e work," he 



saysg 



"to nine o'clock every night, except Saturdays." In his letteru 
to his home, while describing the fragality of his way of life, 
regretting the charge his living must be to his father, on whoK|, 
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e fervently prays that the blessing' of fiod may rest, he repeat- 
edly adds that he is striving all he can to improve himself, that 
_? may he the sooner able to assist him, and to ensure his own 
glnaintenance. 

With such motives to exertion, and such sentiments and 
wabifs, it will readily be conceived that he considered his year in 
(London as admitting of no holiday indulgence. So earnestly 
s he bent on self-improvement in the way of his business, and 
So entirely were his whole time and strength engaged in the con- 
stant exertion which that required, that only on two occasions, — 
She arris al of the King from abroad, and a proclamation of war 
ligaiQit France, — does the uniformity of his industry appear to 
e been diversified, even by the sight of such pageants as every 
(netropolis from time to time affords to the eyes of the poorest of 
? inhabitants. Indeed, so far was he from allowing any occupa- 
n of his time in even receiving or giving the news of the day, 
Bhat the only allusion which his letters of that period contain 
Relative to such subjects is the emphatic and summary conclusion, 
as for news, there is no believing ani/thiiiff Oiat is said;" — a 
1 which, in other days than his, may still perhaps be 
d not altogether devoid of salutary truth. 
An unexpected danger at that time hmig over his destiny, 
Ivhich might have cut short, at least for a season, his projects of 
■urther improvement in natural science, and postponed sine die his 
■■eturn to Glasgow College, with all its interesting consequences, 
word of Damocles was the chance of being impressed as a 
1 for tile navy. He writes, in the spring of 1756, that ha 
pvoids " a very hot press just now by seldom going out." And 
I later day he adds, " they now press anybody they can get, 
s well as seamen, except it he in the liberties of the 
bity, where they are obliged to carry them before my Lord 
Mayor first; and unless one be either a 'prentice or a creditable 
llradesman, there is scarce any getting off again. And if I was 
tarried before my Lord Mayor, I durst not avow that I wrought 
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in the City, it being against their laws for any nnfreeman 
work, even as a journeyman, within the Liherties."* KJ 

At the close of 1 s engtge nent v th Mr Morgan, when h* 
had no do ! t he CO 1 1 ha e got encourige nent from either hf* 
master r son e other — after long conten 1 ng with the badne^, 
of h s health — he fo o 1 h n self compelled ly ' violent rheuniE 
t sm a gna ng pa n h s ba k ani \ eariness all ov( 
h 8 1)0 It to seek the benefit nh h he expe ted to derive froiB 
hs nat ve ar ani the r de homevarls So in the end o« 
August 1 5r he took lea of Lon Ion an 1 of Mr. Morgan, (wh(^ 
djing in 17o8, was not destined to witness the fature sue 
his pupil,) and to revive his drooping health and spirits, 
turned to his own eoimtry and friends ; — first, however, makinjg 
a small investment of about twenty guineas in half a hnndre»d 
additional tools, with "absolute necessary" materials for "a 
great many more that he knew he must make himself" togethel 
with a copy of 'Bion's Construction and Use of Mathematical 
Instruments,' — a copious and useful treatise on the difieren) 
branches of his intended trade. This was the first edition of thj 
translation of M. Bion's work, by Edward Stone, an 
tholigh self-taught, mathematician, a native of Scotland ; it wa| 
a great enlargement of the original, and two editions of it 
Bubsequently pahHshed in folio, bearing the dates of 17S8 
1759, together with a supplement. 

* Mr. Watt to Bis father, London, March Sist, 1T56. 
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in occasion soon presented itself for the advantageous employ- 
nent of that little stoct in trade wLich we have just described, 
IS well as the newly- acquired skill of its owner. On the 2oth of 
Dctober, 1756, he writes from Glasgow to his father : — " I would 
lave come down [to Greenock] to-day, hut that there are some 
instruments that are come from Jamaica that Dr. Dick desired 
that I would help to unpack, which are expected to-day." The 
instruments here spoken of formed a valuable collection, which 
liad been completed at great cost by the best makers in London, 
Tor their late proprietor Mr. Alexander MacFarlane, a merchant, 
long resident in Jamaica, and a cadet of the ancient feudal house 
Df Macfarlane of that Ilk ; who seems, amid his mercantile pur- 
suits, not to have forgotten the motto of his family — Astra costra, 
Numen lamen;" — "The stars my cixmp, the Lord my light-" — and 
who, dying in 1755, bequeathed the contents of his observatory 
to the university in which he had received his education. The 
great astronomer Oltmanns, the companion of Humboldt, in men- 
tioning, among some observations from which various latitudes 
and longitudes in the West Indies were accurately determined, 
those which Mr. Macfarlane had made, at Port Eoyal, near 
Kingston, Jamaica, (Phil. Trans, for 1723. p. 235, and for 1750, ' 
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p. 523), has aaid : " Macfarlaue was pTOTided with esicellent Eng- 
list instrnmeBte, and very skilful in the theory and practice of 
astronomy."* The minute of a University meeting on the SOtl 
of October, bears that " Several of the instruments from Jamaico 
having suffered by the sea-air, especially those made of iron, Mr 
Watt, who is well skilled in what relates to the cleaning anc 
preserving of them, being aixidentaHy in town, Mr. Moor anf 
Dr. Dick are appointed to desire him to stay some time in towt 
to clean them, and put tbem in the best order for preserving 
them from, being spoiled." On the 2nd of December the sam< 
records bear that " a precept was signed to pay James Watt fiv( 
pounds sterling for cleaning and refitting the instruments latel; 
come from Jamaica ;" — this being, in all probability, the fitsi 
money he had earned on his own account since the terminatior 
of his brief apprenticeship. 

His next object was to endeavour to establish himself in th( 
■way of his trade in the city of Glasgow ; but here he was met bj 
obstacles of the same sort aa those which in London had first well 
nigh escladed him from the brief instruction which he soaght 
and then might have consigned him, without hope of rescue, t( 
the embrace of the pressgang. Neither being the son of a bur- 
gess, nor having, as yet, married the daughter of one, nor having 
served a regular apprenticeship to a craft, he was visited, bj 
tradesmai of more arrogant and far more unfounded pretensiom 
than the modest youth whom they persecuted, with a sort of tem- 
poral excommunication; and was forbidden to set up even i 
humble workshop, himself its solitary tenant, within the limits of 
the burgh. He now signally found the advantage of that aca- 
demical support which the University uniformly extended to him. 
By midsummer, 1757, he had received permission to occupy ai 
apartment and open a shop within the precincts of the College 
and to use the designation of " Matheraatical-instrument-makei 
to the University ;" and, though it does not appear that any con- 

* "EeGuei! d' Observation B Aatronomiquea, Toj-age de Humboldt et Bon 
plajid," Quatri^me Partie, tome ii,, p. 6S9, ed. 1910. 



dbyGoo<^le 



PE0GHES9 IN BUSINESS. 31 

temporanecua record has been preserved ia the archives of the 
University of the daf« of the workshop having h^en assigned to 
him, on the 27th of November, 1759, direction^ were given for 
having "the room above Mr. Watt's workshop'' repaired.* In 
the autunm of 1757, the foundation-stone of an astronomical 
observatory, to receive the collection of inetrnments which he had 
repaired and set up, and to be called the Ma^^fariane Observatory, 
was laid, he being then twenty-one years of age. At the same 
time, however, he had the sorrow and misfortune to lose his able 
and true friend. Dr. Dick ; and the result, in a pecuniary point 
of view, of this first year of his business, was very far from being 
a hopeful one. 

On the 15th September, 175S, (the year in which his old 
master, Morgan, died,) he thus writes flrom Glasgow to his 
father : — " As I have now had a year's trial here, I am able to 
form a judgment of what may be made of this business, and find 
that unless it be the Hadley's instruments, there is little to be 
got by it, as at most other jobs I am obliged to do the most of 
them myself; and as it is impossible for one person to be expert 
at everything, they very often cost me more time than they 
should do. However, if there could be a ready sale procured for 
Hadley's quadrants, I could do very well, as I and one lad can 
finish three in a week easily ; and selling them at 283. Qd., 
which is vastly below what they were ever sold at before, I have 
40s. clear on the three. So it will be absolutely necessary that I 
take a trip to Liverpool to look for customers, and hope that 
upon the profits of what I shall be able to sell there, I can go to 
London in the spring, when I make no doubt of selling more 
than I can get ma^e; all which I want your advice on. And if 
that does not succeed, I must fall into some other way of hu^- 
ness, as this will not do in its present situation." The sale, how- 
ever, of the profitable Hadley's instruments appears to have 
increased at home so much, as to have rendered the proposed 
speculative trading voyage to Liverpool unnecessary. 
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From the adTettiaement already referred to, dated October 
22, 1759, of the engraved map of the river Clyde, as " to be sold 
by James Watt, at his shop in the College of Glasgow," as well 
as from the entry in the College records of the repairs to be done 
in " the room above Mr. Watt's workshop," we know that, up to 
that time at least, he contimied to use the shelter of the a<;adeiiiic 
walls for the pm^oaes of his trade. By the 7th of October in that 
year, he appears to have entered into a sort of partnership with a 
Mr, John Craig, to carry on and extend the husiness in which he 
was engaged, continuing to occupy his rooms and workshop in 
the College till 1763. 

A Journal of the partnership concern, kept from October, 
1759, till April, 1765, commences with the following entry: 
" An Inventory of Tools, Gooda, ifec,, belonging to us, Jamea 
Watt and John Craig, each one-half Taken Oct. 7th, 1759, 
at Glasgow;" and then enumerates a variety of mechanical tools, 
from a turning-lathe to a flatting-mill ; with philosophical inatru- 
meats, chiefly mathematical and optical, from the familiar "Had- 
lefB quadrants " to microscopes and sea-compasses ; the whole to 

the value of ' £91 19 3^ 

Which, with " cash on hand," . . , 108 8 J 



Made the little stock in trade amount to . £200 



A small but steadily increasing traffic brought the " ready- 
money sales," towards the end of the period over which the 
Journal extends, up to about 50i. per month, or 600/. per an- 
num ; a large portion of which, however, must have gone to pay 
for materials and the wages of workmen. Jamea Watt is 
throughout credited with a salary of 35/. per annum ; Craig 
appearing to have taken no share in the manufacturing part of 
the business, but only (as is shown by a memorandum in the 
Journal) to have been book-keeper to the concern, and to have 
advanced the greater portion of the requisite funds. One jour- 
neyman throughout the year, and three or four others, from time 
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1 time, as occasion required, were all that Mr. Watt at first 
ind it Becessary to employ ; but before the enil of 1764 their 
jhuTiiber had increased to sixteen "of all arms." Among their 
a we find those of three. Gardners, — Alexander, David, and 
, — of whom one at least was long afterwards known in 
fow as a well-instructed and reputable philosophical-instru- 
ment-maker. Front the accounts of the business coming to a 
in 1765, and Mr. Watt having said in a letter to Mr. Bonl- 
1 1768, "about three years ago, a gentleman who was con- 
icerned with me died," we conclude that the termination of the 
■partnership is thus explained. 

In the retired course of life which, from choice as well as ne- 
Bcessity, he appears to have followed, manual labour and mental 
Tstudy were blended in pretty equal proportions, but idleness or 
: anmsement Lad certainly no share. He ardently seized 
■ every opportunity of extending his acquaintance with the various 
I branches of physical philosophy, and of investigating the principlea 
I of its phenomena, as if prophetically conscious that to his untaught 
I but earnest apprehension might be revealed those secrets which hith- 
I erto had been hidden even from the wise and learned ; erideavour- 
■to use an expression of his own, — " to find out the weak 
I side of Nature, and to vanquish her," — "for Nature," he again 
I says, "has a weak side, if we can only find it out!" Beyond the 
I necessity for some daily labour in order to earn his daily bread, and 
I his hope, — often, as will be seen, very iincertain, — of future inde- 
Qce, he had little else than the pleasure he found in philo- 
I sophical pursuits to stimulate or reward his zeal ; the toils of lu8 
ss were severe, and the profitable returns but small, while 
I of those whose society was open to him, there were few indeed 
I who possessed either an equality of learning or a community of 
with himself But in his endeavours to subjugate, by the 
I resources of practical art, those natural difficulties which pre- 
I fient«d themselves to his hand or eye, nothing seemed to deter 
zeal or baffle his penetration ; a very curious proof of which 
i afibrded by his frequent construction, about the period at 
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which we have now arrived, of musical instrmnents of perfect 
compass and tone, although he had himself, by nature, an abso- 
lute deficiency of a]l musical ear. 

Professor Eobison, in a document from which we shall here- 
after have to make large quotations, gives a lemarkaHe instance 
of this : — " A mason-lodge in Glasgow wanted an organ. The 
ofBce-l>earers were acquaintances of Mr. Watt. We imagined 
that Mr. Watt could do anything; and, though we all knew that 
he did not know one musical note from another, he was asked if 
he could build tiiis organ. He had repaired one, and it had 
amused him. He said, 'Yes ; ' but he began by building a very 
small one for his intimalfl friend Dr. Black, which is now in my pos- 
session. In doing this, a thousand thin^ occurred to him which 
no organ-builder ever dreamed of, — nice indicators of the strength 
of the blast, regulators of it, &d., &g. He began to the great 
one. He then began to study the philosophical theory of music. 
Fortunately for me, no book was at hand but the most refined of 
all, and the only one that can bo said to contain any theory at 
all, — Smith's Harmonics. Before Mr. Watt had half finished 
this organ, he and I were completely masters of that most refined 
and beautiful tlieory of the beats of perfect consonances. He 
found that by these beats it would be possible for him, totally ig- 
norant of music, to tune this organ according to any system of 
temperament; and he did so, to the delight and astonishment of 
oui best performers. In pr<Becution of this, he invented a real 
monochord of continued tone; and, in playing with this, he made 
an observation which, had it then been known, would have termi- 
nated a dispute between the first mathematicians in Europe, — 
Euler and D'Alembert ; which completely establishes the theory 
of Daniel Bernouilli, who differed from both of those gentlemen, 
about the mechanism of the vibration of musical chords ; and as 
completely explains the harmonic notes which accompany all full 
musical notes, overturning the theories of Rameau and Tartini." 

The date of the construction of those organs is pretty exactly 
fixed by two letters from Lis friend Alexander Gumming, F,E.S., 
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a very ingenious adept in similar pursuits, then resident in Lon- 
don, whose name is well known by his meritorious publications on 
subjects of mechanical interest ; such as, the elements of clock 
and watch work, the influence of gravitation as a mechanical 
power, and the effects of cylindrical instead of conical carriage- 
wheels. Writing to Mr. Watt on the 27th December, 1761, Mr. 
Gumming approves of his scheme for an organ, supplies him with 
a note of the prices of organ-pipes, and inquires " How gets on 
fiddle making ? " And on the 8th September, 1762, he expresses 
himself as " glad of his success in organ building," and describes the 
magnificent instrument of the same kind which he had himself con- 
structed for Lord Bute, at a cost of £2000. Mr. Gumming adds 
this further notice of his own proceedings in the way of ingenious 
musical medianism : — " I have proposed an improvement on the 
musical glasses, (that are played by moving the wet flagers along 
the brim,) by making them play with keys ; but, as I have as 
great a demand in the way of my businesa as I caa well answer, 
have put off the thoughts of that and some other experiments till 
I have more leisure." The organs here spokei) of were not the 
only produce of Mr. Watt's musical manufacture ; and guitars, 
flutes, and violins are still in existence, preserved with care by 
their respective possessors, as curious instances of so extraordi- 
nary a parentage ; which, indeed, when we consider the co-exist- 
ence of a physical deficiency in a point apparently essential, 
must be viewed as little short of a miracle in the works of untu- 
tored handicraft. 

Succeeding beyond expectation in his first attempts in that 
novel line, it is wonderful how many dumb flutes and gouty 
harps, dislocated violins and fractured guitars, nervous violdi- 
gambas, hysterical mandolins, and thorough-basses suffering from 
hoarseness, caiae thenceforward to be cured by him of their com- 
plaints, and restored to health and harmony. 

It might have been supposed that they could scarcely have 
gone to a worse doctor, as mere neatness of hand, devoid of all 
ear for musical notes, could not reasonably have been expected to 
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suffice for the successful treatment of such patients. Tet, from 
the rapid increase in the extent of that peculiar department of 
hie business, it seems certain that the cures he wrought were very 
complete and satisfactory. 

Of one of the organs constructed by Mr. Watt, the late Mr, 
Archibald Maclellan, who, for thirty years prior to his decease in 
1854, was a prominent raemher of the Town Council of Glasgow, 
and a zealous patron of the fine arts, became the possessor- In 
his last illaess, Mr, Maciellan dictated the following kistoriette, 
which is not without interest ; although the assertion with which 
it sets out, of Mr. Watt's fondness for music, needs, as we have 
seen, very great qualification, and might better have been limited 
to the predUection, which he no doubt did possess, for constructing 
musical instruments ; 

"MrjGDOCK Castle, U Sepi„18S4. 

" It is -well known that the great James Watt was fond of mu- 
sic, and while in Glasgow constructed more than one organ. 
One of these was a small instrument, about three feet square, in 
the form of a small table, hut having externally no appearance of 
a musical instrument. At this table, where his friends and he 
were sitting, the movement being concealed, Mr. Watt astonished 
them by the production of the music. This little table, about 
forty years ago, fell into the hands of the late Steven, the music- 
seller, in Wilson Street, who had an organ front with gilt pipes 
and sides placed on the top of the table, and gave it the shape it 
now bears. I bought it from Steven, and put an additional reed 
stop into it. It remains so at present. Such is the history of 
this interesting little instrument, and I think I need scarcely re- 
commend it to my trustees as a fancy and a work of the great 
James Watt deserving of their notice and preservation. The in- 
strument^ when in proper tune, is of considerable power and very 
pleasing harmony, and, in my keeping, has been orthodox in its 
application, from 'Martyrs' to 'Old Hundred.' 

"Aitcii'D M'Lbllah." 
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In 1T63, Watt quitted his college roums for a small abode in 
ihe city; a change made, probably, in contemplation of his mar- 
•iage to his cousin, MiS3 Miller, which took place in July of the 
bllowing jear. The site of his new dwelling, or at least of the 
workshop in which his eailiest exjierimenta on the steam-engine 
were made, and which in all probabilitj was under the same 
roof, is stated by Mr. Robert Hart to have been in or close to 
King Street. " In answer to my question about the site of this 
shop, Mr. "Watt said, 'It was m a little court [at the] north end 
of the beef market ; the houie projects into the court ; I think a 
carrier occupies it at present ' I think this was in the year 1813 
or 1814 Mj brother and I went next morning and saw the 
house , a large door hid been m'ide m the .end of it, to make it 
into a cart house, and a earner was loading his cart in it at the 
time. I think it stood where Millar's Place is, just in front of 
what was the mn door, as it was but a few yards from the north- 
east corner of the markef, in a north east direction." In 1770 
it appears that he went through the "disagreeable operation" 
of removing his "household furniture and utensils to another 
house," but, dinng the whole of his residence in Glasgow, he 
practised housekeeping fiom necessity as well as choice, on a very 
humble scale After his mainage, however, his dwelling was en- 
lightened by a charming presence, which "made a sunshine in 
that shady place " ' I ha\e not entered," says Miss Campbell, 
"into any of the interesting details my mother gave me of Mr. 
Watt s eaily and constant attachment to his cousin Miss MUler; 
but she ever considered it is hating added to his enjoyment of 
lifcj and as haung had the most beneficial influence on his char- 
acter. Eten bis powerful mind sank occasionally into misan- 
thropic gloom, from the pressure of long-continued nervous head- 
aches, and repeated disappointments in his hopes of success in 
life. Mrs Watt, from her sweetness of temper, and lively, 
cheerful disposition, had power to win him from every wayward 
fency,- — to rouse and animate him to active exertion. She drew 
out all his gentle virtues, his native benevolence, and warm affeo- 
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In 1765, Mr. Watt contrived an ingenious machine for draw- 
ing in perspective, of which he has left the following description, 
together with drawings which are here engraved on wood (see 
page 39j ; and the instrument may be considered a sort of 
connecting link between his matbematical-instruiaent-making and 
his surveying. His first perspective machine, like his first organ, 
was constructed for his friend Dr. Black, 

Perspective M h 

"The perspective machine w t d bo t 1765 th 

following occasion. My friend, D J m L d 1 ht f 
India a machioe, invented by som E 1 h tl min th — I 
believe, a Mr. Hurst, — which con tdl b Jfid thr 
legs perpendicularly, upon -which 1 t th b tt m 1 
the ends, were fixed two small frt hlj hhh 

izontal ruler rested, and could bm d djhiztlly 
and this ruler was about twice tb 1 tb f th b d th 
middle of this ruler was fised a p pe d 1 1 aeh g 

little above the upper edge of th bo d 1 m th rul tb 
was a groove similar to that of th 1 p f lb ru! hi 
was also, like that, fiirnisbed w th Id wh b Id f ly 
move up and down in it, and the upper end of which, bemg point- 
ed, served for an index. In the bottom of the groove in the per- 
pendicular ruler there was a slit cut quite through fbe ruler, 
nearly from one end to the other. In the lower end of the slider 
was fixed a pencil, the point of which reached quite tkrough the 
ruler to the paper to be drawn upon, which was stretcbed upon 
tbe board. An arm projecting forward was fised to one of the 
upper corners of tbe board, (I do not remember how,) and upon 
its end nearest the draughtsman it carried a sight or eye-pieco, 
consisting of a small piece of metal with a sma!] hole in it, and 
this eye-piece was elevated about half the width of the board 
above its upper edge. The rulers, sliders, &c., were, I think, 
made of brass, consequently heavy, but moved easily on the pul- 
leys, or friction-wheels. 
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"In using the mfM^hine, the board teing placed at right acglea 
to a line supposed fo be ilrawn from the middle of the object 
which was to he delineated, and fhe sight adjusfed &o as to give 
a proper scale, the socket of the pencil was talien in the band, 
the eye applied to the sight, and tlie index or acute top of the 
shder was made to travel over the lines of tbe object to he delin- 
eated, wbich it w^ enabled to do by a composition of the bori- 
zontal motion of the lower ruler on the wheels, and of the per- 
pendicular motion of the slider iu the upright ruler ; the pencil 
tb.en described the lines upon the paper. This instrument very 
readily described perpendicular or horizontal lines, as these ae- 
corded best with its natural motions. But in diagoaal or curved 
lines it was difficult to make the index follow them exactly, and 
the whole motions were heavy and embarrassing to the hand. 
Moreover, the instrument was heavy and too bulky. 

" I wished to make a machine more portable, and easier in its 
use ; and at the suggestion of my friend, Mr, John Rohison, I 
turned my thougbts to the double parallel ruler, an instrument 
then very little known, and not at all used that I know of. 
After some meditation, I contrived the means of applying it to 
this purpose, and of making the machine extremely light and 
portahle- 

"The machine consisted of a bos about an inch and a half 
deep on the outside, thirteen inches long, and five inches wide, 
and hinged so that when opened it formed a flat hoard (AB) 
of thirteen inches long and ten inches wide, on which the paper 
was stretched. It was kept open by means of three legs, (CCC,) 
which were fastened to the hack part of it, and served to support 
it at a proper height. From the right hand upper corner of this 
box or board, a jointed arm (DE) projected forward, to carry the 
eye-piece or sight, (F,) which could, by means of the joints, be 
adjusted higher or lower, nearer to, or further from the hoard, as 
might be required. To the lower edge of the board were attached 
two thin slips of wood, (GG,) ten inches long and ten inches 
apart, and to the. lower ends of these slips was attached the lower 
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ifde of a double parallel ruler, {HJK,) every member of which 
,3 tea inches long between the centres, so that, when fully open, 
It formed two sc[iiarea joined by one side of each, and in other 
■tates formed lozenges, or rhombuses of different degrees of 
Bbliquity. This double parallelogi-am was formed partly of thin 
Jlips of wood, and partly of brass much hammer-hardened, and 
Bll very light. To the middle (E) of the upper side of the bigher 
rallelogram, was fixed, at right angles, upwards, another slip 
•f wood, (L,) about eleven inches long, and ending in a brass 
gfcoint which served for ait index, which, by the construction, 
lould be moved equally easily in every direction, and with very 
Hittle friction ; and, at the same time, all the positions of the 
■ulers were always parallel to each other. A pencil, pressed 
ypon by a spring, was fixed in the junction of the perpendicular 
llip or index at K. 

" A paper being stretched upon the board, and the sight be- 
ing moved to a proper distance from the board, (generally about 
a inches,) the hand being applied to the peni-il socket, 
■for the pencil was not pressed upon by the hand,) the upper 
loint of the index was led along the lines of the objects in- 
tended to be delineated ; and, when perpendicular lines occurred, 
index pointing to the upper end of them, the fingerof the 
Beft hand being applied to the board touching the perpendicular 
md the pencil drawn downwards, the line would be straight. 
Iln the same way, tlie horizontal slip served as a guide for hori- 
bontat lines ; all others were drawn by the eye guiding the io- 
liex, and, if the paper was smooth, could be drawn very correctly. 
" The whole of the double parallelogram and its attached slips, 
Jwhich latter were contrived to be easily separated from the 
(ward,) were made capable of being readily folded up, so as tooo- 
Jcupy only a small space in the box formed by the board, when 
Bfolded up. The sight-piece also folded up, and readily found its 
Bplace in the box, which also contained screws for fixing on the 
■3 of the instrument ; and the box, when shut, could be put into 
a great-coat pocket. The three legs were made of tinned iron, 
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tapering, and one a little smaller than another, so that they 
into one another, anil formed a walking-btick ahout fom' i 
half feet long. 

"I made many of these instruments atout the time 
tioned, — perhaps from fifty to eighty, Tliey went to variouU 
parts of the world; among othpr places several went to Londoni^ 
where George Adams, senr., copied and made them for sale, pntt^ 
ting his own name on them ; and, as I have been told, in a boolk 
which he published, describing various instruments, he took thas 
credit of the invention to himself, or expressed himself so as t(ft 
leave that suppoeable ; but I have not seen the book .as far as ' 
can remember, but tave seen the instmmenta with hia name oi 
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[t was at this time that tlie young artificer's earnest devotion to 
jhUosophical pursuits, as well as his amiable and virtuous dispo- 
iition, gained him the approving notice and enduring friendship 
}i Dr. Black, who, in 1756, was appointed Professor of Anato- 
my, and, in 1757, Professor of the Practice of Medicine, in Glas- 
gow College. It was also in the commencement of the winter of 
1758-9 that he made the acquaintance of another able and 
ardent student, imbued with predilections simUar to bis own, Mr. 
John Eobison, afterwards, by Dr. Black's recommendation, ap- 
pointed to succeed Dr. B. as Lecturer on Chemistry in the Uni- 
versity of Glasgow ; and who subsequently became eminent as 
Professor of ^Natural Philosophy in that of Edinburgh. Both of 
these learned persons, owing to the accidental circumstance of 
their testimony having been called for on occasion of infringe- 
iments of Mr. Watt's patents, at a period nearly forty years sub- 
sequent to their first meeting at Glasgow, have left interesting 
narratives of the rise and progress of their intercourse mth Mr. 
Watt, and of the origin o£ his first and greatest invention, which, 
as they do honour alike to their authors and their subject, we do 
not hesitate to place before our readers. That by Dr. Black, 
which is by much the shorter of the two, had never been noticed 
by any of the previous biographers of Watt, nor, indeed, did its 
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existence appear to have been koown to tbem ; while from I 
Eobison's longer, but highly curious and important aarrativH 
only a very brief extract was published by M. Arago. 

History of 3J^r. Watfs Improvement of the Steam-Engine. 
By Joseph Black, M. D.* 

" I became acquainted witb Mr. Jaiaes Watt in the year 175 
or 1758, at which time I was Professor of Medicine aad Lecturt 
of Chemistry in the University of Glasgow- About that time Mi 
Watt came to settle in Grlasgow as a maker of mathematical instrt 
ments ; but being molested by some of the corporations, who cor 
sidered him as an intruder on their privileges, the University pr( 
tected him by giving him a shop within their precincts, and b 
conferring on him the title of Mathematical Instrument Maker t 
the University. 

"I soon had occasion to employ hira to make some 
which I needed for my experiments, and found him to be a younj 
man possessing most uncommon talents for mechanical knowledgi 
and practice, with an originality, readiness, and copiousness of 
invention, which often surprised and delighted 
conversations together, I also had many opportunities to know 
that he was as remarkable for the goodness of his heart, and th( 
candour and simplicity of his mind, as for the acuteness of his 
genius and understanding. I therefore contracted with hi 
intimate friendship, which has continued and increased ever since) 
that time. I mention these circiuaslances only to show how it 
happened that I was thoroughly acquainted with the progress of 
hia inventions, and with the different objects that 
attention, while I remained at Glasgow, and, in a great measure, 
ever since. 

" A few years after ho was settled at Glasgow he was employed 
by the Professor of Natural Philosophy to examine and rectify 

* The original document is in tlie ha 
lope in irhich it is euclosed Dr. B. has w 
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i-orkable model of a steam-engine, which wJia out of order. 
Bhis turned a part of his thoughts and fertile invention to the 
feture and improvement of st«am-engines, to the perfection of 
r machinery, and to the different means by which their great 
fcnsumption of fuel might be diminished. He soon acquired such 
i reputation for his knowledge on this subject, that he was employed 
p plan and erect several engines in differeat places, while at the 
e time he was frequently making new experiments to lessen 
p.e waste of heat from the external surface of the boiler, and from 
lat of the cylinder. 

" But after he had been thus employed a considerable time, he 
Bereeived that by far the greatest waste of heat proceeded from 
e waste of steam in fllling the cylinder with steam. In filling 
■he cylinder with steam, for every stroke of the common engine a 
Ibreat part of the steam is chilled and condensed by tlte coldness 
Bf the cylinder, before this last is heated enough to qualify it for 
leing filled with elastic vapor or perfect steam ; he perceived, 
re, that by preventing this waste of steam, an incompar- 
ably greater saving of heat and fuel would be attained than by 
fcny other contrivance. It was thus, in the beginning of the year 
11765, that the fortunate thought occurred to him of condensing 
Ithe steam by cold in a separate vessel or apparatus, between which 
ind the cylinder a communication was to he opened for that pur- 
se every time the stean was t« be c densed while the cylin- 
r itself might be preser ed perpe ually hot no cold water or air 
Hieing ever admitted into ts cav tj 

" This capital impro ement flished on h s mind at once, and 
Bfilled Lim with rapture md he mn ed jtely n ade a hasty trial 
|of it, which satisfied him of ts val e emj loy ng for this purpose 
a large brass syringe wh h he horro ed trom a friend." 

Such is the first part of he cone se but en phatic and com- 

Bprehensive account given by Dr. Black ; the remainder of which 

! reserve till somewhat later in our narrative. In the meantime, 

■■ proceed to give the greater portion of that of Dr. Eobison, 

I which, entering more into detail, seems more entirely to place ua, 
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. as it were, in the very presence, and leveal to us the whole conn 
of thought and inquiry, of his inventive companion and fi'ien< 
According to Mr. Watt's own statement, to Robison belongs th 
honour of having been the first who drew his attention to the sul 
jeot of steam-engines; — in 1759 even suggesting their applies 
tion to "the moving of wheel-carriages," and to other purposes 

Narrative of Mr. Walt's Invention of tM Improved Engine. 



" My acquaintance with Mr. Watt began in 1758. I was the 
a student in the University of Glasgow, and studying the scienc 
which I now profess to teach, Natural Philosophy. The TJnivei 
sity was then building an astronomical observatory. Mr. Wat 
came to settle in Glasgow as a mathematical and philosophicE 
instrument-maker, and was employed to repair and set up a ver; 
noble collection of instruments bequeathed to the University b; 
Mr. Maclarlane of Jamaica, a gentleman well known to the scieu 
tific world. Mr. Watt had apartments and a workshop within th' 
College. I had, from my earliest -youth, a great relish for th' 
natural sciences, and particularly for mathematical and mechanica 
philosophy. I was eager to be acquainted with the practice oi 
astronomical observation, and my wishes were much encouraget 
by the celebrated Dr. Sunson, Professor of Geometry, Dr. Dick. 
Professor of Natural Philosophy, and Dr. Moor, Professor of 
Greek ;— gentlemen eminent for their mathematical abilities. 
Those gentlemen brought me with them into Mr. Watt's shop j 
and when he saw me thus patronised, or introduced, his natural 
complaisance made him readily indulge my curiosity." 

Elsewhere, — in a letter to Mr. Watt, in 1799, on the death 
of Dr. Black, — Kobison says, " My first acquaintance with Dr. 
Black began in your rooms, when you were rubbing up M'Far- 
lane's instruments. Dr. Black used to come in, and, standing 
with his hack to us, amuse himself with Bird's quadrant, whistling 
softly to himself, in a manner that thrilled me to the heart. . . 
In the end of 1758, when I went to sea, and had a favour to ask 
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■ the professors, Dr. Black spoke very handsomely of me. This 
learned at ray return ; but we had no furtker acquaintanc« till 
len, or rather till 1764 ; and his marked attention to me (as he 
>ld me not long ago) was owing to my saying distinctly, and 
tving reasons for it, that Dr. Dick, my professor, had infinitely 
tore knowledge than his successor, who was much more popular, 
ideed. Dr. Black has often said to me, that Dick was one of the 
lost sensible and manly fellows he ever knew." 

" After first feastmg my eyes with the view of fine instruments, 
ad prying into everything, I conversed," continues Professor 
tobison, " with Mr. Watt, I saw a workman, and expected no 
lore ; but waa surprised to find a philosopher, as young as my- 
el^ and always ready to instruct me. I had the vanity to think 
lyaelf a pretty good proficient in my favourite study, and was 
ather mortified at finding Mr. Watt so much my superior. But 
is own high relfflh for those things made him pleased with the 
hat of any person who had the same tastes with himself, or his 
Quate complaisance made him indulge my cariosity, and even 
ncourage my endeavours to form an intimate acq^uaintance 
fith him. I lounged much about him, and I doubt not, waa 
requently teasing him. Thus our acquaintance began, 

'■ It waa interrupted in 1759. I left the College for the nary, 
rhere I was a midshipman four years, and was present in some 
f tlie most remarkable acrions of that war. My health sufiered 
o much by a seafaring life, that I was obliged to give it up, 
Quch against my inclination, and return to my academical habits, 
; was happy to find Mr. Watt settled in Glasgow, as fond of_ 
icience as ever. Our acquaintance was renewed ; I believe with 
nutual satisfaction, for I had now acquired some knowledge. I 
lad lived in tho closest intimacy with the late Admiral Sir 
jharles Knowles, and had been a good deal employed in marine 
nirveys. I had been employed by the Admiralty to make the 
abservations for the trial of Mr. Harrison's famous time-piece ; in 
ahort, my habits had been such, that I reckoned myself more on 
i par with Mr. Watt, and hoped for a closer acquaintance. Nor 
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was I disflppointed. I found ^lim as good and kind as ever, . 
keen after the acinveition of knowledge, and well disposed 
listen to the information I could give him concerning thinj 
which had not fallen in his own waj. But I found him contin 
ally striking into untrodden paths, where I was always obligt 
to be a follower. 

"Our acquaintance at this time became very intimate, and 
believe neither of us engaged far in any train of thought withoi 
the other sharing in it. I had had the advaitage of a mo; 
regular education : this frequently enabled me to direct or coi 
firm Mr, Watt's speculations, and put into a systematic form tl 
Bnggestions of his inquisitive and inventive mind. This kind c 
friendly commerce knit «8 more together, and each of ug kne 
the whole extent of the other's reading and knowledge. I wi 
not singolar in this attachment. All the yoang lads of our littl 
place that were in any way remarkable for scientific preditectio 
were ac(iuaintances of Mr. Watt ; and his parlour was a rendeevm 
for all of this description. Whenever any puzzle came in the wa 
of any of us, we went to Mr. Watt. He needed only to be prompted 
everything became to him the beginning of a new and serious studj 
and we knew that he would not quit it untU he had either disco* 
ered its insignificance, or bad made something of it. No matte 
in what line, — ^langoages, antiquity, natural history, — nay, poetrj 
criticism, and works of taste ; as to anything in the line of engi 
neering, whether civil or military, he was at home, and a read 
instructor. Hardly any projects, such as canals, deepening th 
river, surveys, or the like, were tmdertaken in the neighbourhoo' 
without consulting Mr. Watt ; and he was even importuned V 
take the charge of some considerable works of this kind, thougl 
they were such as he had not the smallest experience in. Wbei 
to this superiority of knowledge, which every man confessed ii 
his own line, is added the naive simplicity and candour of Mr 
Watt's chuacter, it is no wonder that the attachment of hi 
snjBtuntances was strong. I have seen something of the world 
fsd fi^ obliged to wj tliat I never saw such anotho: instance <£ 
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sneral and cordial attachment to a person whom all acknowledged 
) be their superior. But thig superiority was concealed under 
le moat amiable candour, and liberal allowance of merit to 
L'ery man. Mr. Watt was the first to aficrihe to the ingenuity 
f a friend things which were very often nothing hut his own sur- 
liaes followed out and embodied by another, I am well entitled 
> say this, and have often experienced it in my own case. 

" But the circumstance which made Mr. Watt's acquaintance 
3 valuable to me w^as the trait of character I have already men- 
ioned. Everything became to him a subject of new and serious 
tudy, — everything became science in his hands ; and I took the 
pportunity of offering my feeble aid, by prosecuting systemati- 
ally, and with the help of mathematical discussion, thoughts 
rhich he was contented with having suggested or directed. I 
hua shared the fruits of his invention ; and with gratitude I here 
tcknowledge my obligations to him for that strong relish which I 
.hns acquired for rational mechanics, and which I have cultivated 
nrith great assiduity and pleasure all my life. I also shared with 
Ur. Watt a good deal of that subsidiary knowledge which he 
icquired as so many stepping-stones in his way to some favourite 
jbjects. He learned the German language in order to pemse 
Leupold's ' Theatrum Machinarum ;' — so did I, to know what he 
was about. Similar reasons made us both learn Italian ; and so 
af other things. And I cannot here pass over another circum- 
stance which endeared Mr. Watt to us all : he was without the 
smallest wish to appropriate knowledge to himself; and one of 
his greatest deligiits was to set others on the same road to 
knowledge with himself. No man could be more distant from 
the jealous concealment of a tradesman ; and I am. convinced 
that nothing but the magnitude of the prospect which his im- 
provement of the steam-engine held out to him and his family, 
could have made Mr. Watt refuse himself the pleasure pf commu- 
nicating immediately all his discoveries to his acquaintances. 
Nay, he could not conceal it j for, besides frankly imparting it to 
Dr. Black, to myself and two or three more intimate friends, he 
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disclosed so mneh of what he had been doing, that had it been 
London or Binuinghani, I am confident that two or three paten 
would have been expedited for bits of his method, by buetlii 
tradesmen, before he [would hare] thought himself entitled 
solicit anch a thing. 

" I doubt not but all this will be looked npon by some ( 
mere panegyric. The ignorant are insensible to the pleasures c 
science, and have no notion of the attachments which this ms 
produce ; and the low-bred minds whose whole thonghts are fu 
of concealment, rivalsMp, and money-making, can hardly coi 
ceive a mind that is not actuated by similar propensities. But 
have a better opinion of those* on whose feelings and judgmer 
the issue of this cause is to depend. I wish to show these ger 
tlemen what were my opportunities of seeing the steps by whic 
Mr. Watt arrived at his final discovery ; and I am not afrai 
that they wilt misinterpret the satisfaction I feel in having thi 
opportunity of expressing my sentiments of attachment to Mr 
Watt. There is perhaps but one other person now alive whof wa 
a witness to every step of the invention, and I regret exceedingl; 
that his extreme illness makes it impossible for my friend to avai 
himself of his testimony. The thoughts of doing him an essen 
tial service have supported me in my journey hither, under ver' 
considerable suffering; and when I find that not only the fortnni 
bnt the fair name of a most worthy man is concerned, I thinl 
that nothing less than life could have excused me from the eoun< 
duty of everj- good citizen — the snpport of eminent talents am. 
worth against the vile aspersions of low-bred and ignorant pre 



" I think it wm in the summer of 1764, or perhaps in thi 
spring of that year,t that the Professor of Natural Philosophj 

• The special Jury, in the cause " Boullon and Watt versus Homblower ant 
M»beri)-," 
■f Dr. Black. 
t Mr. Watt basinlbrmeduB tbatitwaain the wint«ror 1763-4. 
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1 the TJniyersity desired Mr. Watt to repair a pretty model of 
fewcomen'a steam-engine. This model was at first a fine play- 
iiing to Mr. Watt and to myself^ now a constant visitor at the 
rorkstop ; but, like eveiything which came into his hands, it 
oon became an object of moat serious study. This model being 
n exact copy of the real engine, a motion of the piston behoved 
be the same, and the strokes to be much more frequent. Id 
onsequence of this, the boiler was unable to supply more than a 
ew strokes. The boiler was made to boil more violently ; but 
his, instead of continuing tlie motion by a more plentiful supply 
if steam, stopped the machine altogether; and we attributed this 

the statical resistance to the entry of the injection, which 
:ame from a height not much exceeding a foot. The injection- 
cistern was placed higher, but without effect. It was long before 
.be true cause was thought of, and in iJie meantime many obser- 
vations were made on the performance. 

"Mr. Watt had learned from Dr. Black somewhat of his late 
liscovery of tlie latent heat of fluids and of steams. The Doctor 
lad established his doctrine by means of incontrovertible experi- 
ments in the case of congelation and liquefaction; but had 
not yet devised any very simple and popular experiments for 
showing the much greater quantity of heat which is contained in 
steam in a latent state. But the great variety of curious and 
abstruse phenomena which were explicable by this branch of the 
theory made it a subject of much conversation among the young 
gentlemen at college. Mr. Watt was one of the most zealous 
partisans of this theory,* and this little job of the model came 
opportunely in his way, and immediately took his whole atten- 
tion. He made many curious experiments ; and Df. Black pub- 
licly acknowledges, in his lectures, his obligations to Mr. Watt ' 
for the chief experiments by which he illustrates and supports his 

• mu in the handwriting qf Mr. Watt.—" Dr. Eobison ia mistaken itt Ihil. 

1 h^ not attended to Dr. Slack's esperiment or theor; on latent lieat, until I 
was led to it in the course of esperiments upon lie engines, wben the fact proved 
a stnmbliDg-block nrhicli tbe Ductor assisted mc to get over.—J, W." 
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theory. I bad not yet studied chemiBtiy, and Mr. Watt was my: 
first instructor. My mind was fired with the inexhaustible fand 
of instruction and entertainment which I now saw before 
and I was more assiduous in my attendance on Mr. Watt's i 
pations than ever, and studied the little model as much i 
did. He very early saw that an enormous quantity of steam 
was wasted. The great heat acquired in an instant by 
. cylinder, by the admission of a few grains of water in the form 
of steam, was an incontestable proof of the great quantity of fire' 
contained in it; and as this could come only from the coals. 
; Watt saw at once that the chief improvements that the engine, 

was susceptible of must consist in contrivances for increasing tha 
production, and for diminishing its waste. He greatly improved 
the hoiler by increasing the surface to which the'fire was app 
he made flues through the middle of the water ; he placed the 
fire in the middle of the water , and made his hoiler of wood, 
a worse conductor of heat than the bnckwotk which Burroundf 

t ^ common furnaces Hecased thBCyIindec,aiidalltlieconducting- 
^^^•pipeSf^m matenalB which coudvicted heat very slowly;, ha even 
jl^Hl^tbem of wood After much acquaintance with his modelsj 
^foTfitSiJia^DOW^inade others,) be fotmd that there was still i 
|n;pdigiojiB tui4 mtarotdable waste of steam and fuel, arising from 
-wfcB. the necessity of pooling (thft^yjipder very low at. every efifective 
*^ Btrokej and he Fas ablai.tO| ehojv that^inore^haa three-fourths 
c. of_the whole Bteara was. thus oondenfied: ,^3 wftgted during thff 
• ascent of the piston %, (Snbaeqneot experiments, made with better 
apparatus, showed hm that wa waste^waa much greater than 
this J I had seen all these contnvaDces, and many of the experi- 
' ments, and had sometimes contributed my mite to lessen the ex- 
pensive waste , but this great cause of tosa seemed to be unavoid- 
able, 

"At the breaking up of the College, (I thmk in 1765,) 1 
went to the conptry About a fortnight aftdr this, I came .t« 
town; and went to have a chat with Mr, Watt, and to communi- 
cate to him some observations I had made on Desaguliers' and 
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lelidor's account of the steam-engine. I came into Mr. Watt's 
arloiir witliout ceremony, and foimd bim sitting before the fire, 
aving lying on Lis knee a little tin cistern, wliich lie was looking 
t. I entered into conversation on. ivkat wo had been speaking 
f at last meeting, — something about steam. All the w}iile, Hr. 
Vatt kept looking at the fire, and laid down the cistern at thu 
jot of his chair. At last he looked at me, and said briskly. 
Yon need not fa-ih yourself any more about that, man; I ba^■e 
LOW made an engine that shall not waste a particle of steam. It 
hall all be boiling hot ; — aye, and hot water injected if I please.' 
io saying, Mr. Watt looked with complacency at the little thing 
it his feet, and, seeing that I observed him, he shoved it away 
mder a table witli his foot, I put a question to him about the 
lature of his contrivance. He answered me rather drily. I did 
lot press hint to a further explanation at tliat time, knowing that 
[ had offended Inm a few daj-s before by blabbing a pretty con- 
;tivance which ho had hit on for turning the cocks of the engine. 
[ had mentioned this in the presence of an engine-builder, who was 
^ing to erect one for a friend of mine, and this having come to 
Mr. Watt's ears, he found lault with it. 

" I was very anxious, however, to learn what Mr. Watt had 
contrived, but was obliged to go to the country in the evening. 
A gentleman who was going to the same house said that he would 
give me a place in his carriage, and desired me to wait for him 
on the walk by the river-side. I went thither, and found Mr, 
Alexander Brown, a very intimate acquaintance of Mr. Watt's, 
walking with another gentleman, (Mr. Craig, architect.) Mr. 
Brown immediately accosted me with, 'Well, have you seen 
Jamie Watt 1 ' — ' Yes.' — ' He '11 bo in high spirits now with his 
engine, isn't he?' 'Tes,'saidl, 'very fine spirits.' 'Gad,' said 
Mr. Brown, ' the condenser 's the thing : keep it but cold enough, 
and jou may have a perfect vacuum, whatever be the heat of the 
cylinder.' The instant he said this, the whole flashed on my 
mind at once. I did all I could to encourage the conversation, 
but was much embarrassed. I diu'St not appear ignorant of the 
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apparatns, lest Mr Brown should find that he had communicated 
more than he ought to Lai e done I could only learn that there 
was a vesisel called a condenser, which communicated ntth tlie 
cylinder, and that this Londeufcer v.d.f, immereed in cold ivater, 
and bad a pumji to clear it ot the water Mhith naa formud in it ; 
I also learned that the great difficulty was to make the piston 
tight; and that leather and felt had been tried, and were found 
quite unable to stand the heat I saw that the whole would he 
perfectly dry, and that Mr Watt had used steam insteail of air 
ta press up his piston, which I thought, by Mi Browns dtscrip- 
tion, was inverted We parted, and 1 went home, a lery silent 
companion to the gentleman who had given me a seat Nest 
day, impatient to see the effects of the separate condensation, I 
sent to Paisley and got some tin things made there, in comple- > 
tion of the notion that I had formed I tried it aa an air-pump, 
by jnakiDg my steam vessel communicate with a tea-kettle, aeon- 
denser and » glass receiver In lesB than two miuiites I rarefied 
the air m a pretty large receiver more than twenty times. X 
,.00uld go no farther in this process, because my pump for taking 
ont^tho air from my condenser was too large, and not tight 
enough I bat I saw that when applied to the mere purpose ofi 
takmg out the an generated from. the water, the vacuum might' 
be mado almost completa *I saw too, (in consequence of a con-^ 
rersation the preceding ^y with Mr.^ Watt".' about, the ednctionj 
pipe m Beightons engine,) that a ^long ; mck-jipe, or syphon,' 
would take off all the water lu short, I bad no doubt that Mr. 
Watt had really made a perfect steam-engine. f 

I thmk It was the middle of winter before I saw Mr. Watt 
When we met, he most frankly told me all his contrivance, and I 
took care to receive it all as perfectly new to me, that I might not 
commit Mr. Brown. I remember well, that when he complained 
of the great power expended in working pumps sufiiciently large 
to exhaust a condenser even of moderate size, (because they must 
do it at one stroke against the whole pressure of the atmosphere,) 
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[ mentioned the observation that I had formerly made to lijm on 
the eduction -pipe of Belghton's engine, and the contrivance 
which I ivould deduce from it for clearing the condenser of water. 
Mr. Watt said, ' man, do you imagine me so dull as not to have 
thought on that long a^o ' But I could give you many reasons 
why it will not answer so well as t pump I ivjsh I(ouIda8 
quickly get quit of the air as of the n iter without a jump. I 
don't despair even of this Ho now informed me of miny curi- 
ous properties of steam relatne to its heit and elasticity, ex- 
plained Lis methods of condensatim and mentioned some re- 
markahle facts relative to this sithject wlnUi pass to this day be- 
fore the eyes of everybody without being noticed or understood 
by hundreds who call themselves engineers and budders of steam- 
engines. 

" After this time my meeting!, with Mr Vi att nere less fre- 
quent He was much frjm home, ivjrking with Lia engine, and 
I was now obliged to deiote my whole attention to another sub- 
ject. Dr. Black, my prectptor m chemistry was now removed to 
Edinburgh ; and, by his very nnminted recommendati n, the 
University of Glasgow placed me in the chemical chair which he 
had just quitted. Frightened by ray own good fortune, I was 
obliged to strain every nerve to do some credit to so jiartiai a rec- 
ommendation, and I was obliged to relinquish all other occupa- 
tions of my thoughts. But I had now learned all the piinciples 
of Mr. Watt's invention, though I had never seen either his en- 
gine or any model or drawing of it. I knew of his employing 
steam in place of the atmosphere to press forward his piston, al- 
though it was long ere I knew the way in which he introduced it. 
I thought he simply admitted it from the surrounding case by the 
open mouth of the cylinder ; and it was not till I was in St. Pe- 
tersburgh that I learned that he also introduced it (without a 
steam-case) by a pipe. This, however, was a naiui-al part of the 
leading thought, and, indeed, was practised by him in his very 
first experiment. 

" In this experimenf, (which was made with a common anato- 
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mist's great injection-syringe for a cylinder,) the piston-rod passed 
through a collar of leathers ill the cover of the cylinder, and tht 
steam was admitted through another aperture in the same cover, 
and it escaped into the condenser by a similar aperture in a cover 
on the other end of the cylinder. Long after this I found that 
the little apparatus ■which X saw on his knee, and wbicli he shoved 
under the tahle with his foot, was the condenser ia this first ex- 
periment. I discovered tliat I had not comprehended the whole 
contrivance bo completely as I imagined. But though I was 
ashamed of my ignorance, my vanity would not let me acknowl- 
edge it, and I took circuitous ways of learning more exactly the 
precise state of the engine. I was living in Edinburgh during 
the summer of 1707, near Dr. Black, in order to prepare myself 
for my arduous task, and in ray conversations with Dr. Black I 
frequently introduced Watt's steam-engine. I one day asked 
him why Mr. Watt never thought of impelling the piston by steam 
much stronger than coinraon steam, mentioning the way in which 
I could introduce and manage it. He then corrected me in some 
parts of my proposed construction, and described Mr. Watt's with 
accuracy, and bade me reflect on the enormous size and strength 
which must be given to the boiler, and the expense of fuel in 
supplying steam so dense and so hot. Ail this I had thought on 
already, and only wanted to learn what he had just now told me, 
aiM now I am fully entitled to say that, in the summer of 1767, 
the whole contrivance was perfect in Mr. Watt's mind, although 
he had neither executed the double stroke, nor that most beauti- 
ful contrivance of cutting off the steam before the piston reaches 
the bottom of the cylinder ; a contrivance which in a moment fits 
the engine, however great and powerful, to any the most trifling 
task, and makes it more manageable than any other engine what- 
ever that is not immediately actuated by the hiCnd of man. In- 
deed, any person who deserves the name of engineer must see, 
and, if he speak from the conviction of his conscience, must 
acknowledge that the whole contrivance was perfect in Mr. Watt's 
mind in his very first trial. 
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"During the two following winters, notwithstatiding Mr. 
^'att's fieq^uent absence from Glasgow, and my constant occupa- 
on with my chemical lectures, I had many opportunities of coo- 
araing with him, and learned all his difficulties and embarrass- 
lents. He struggled long to condense with suflicient rapidity 
ithout injection, and exhibited many beautiful speciraena of in- 
enuity and fertility of resource. Many pretty schemes occurred 
> him for a rotatory engine. Some of these I am sorry to find 
lat he has neglected. I am confident of their complete success, 
nd though I agree with him in thinking that his engine with a 
ouble stroke is superior to them all I should ha^ e been glad that 
bey had been execute 1, because th y would have gnen a most 
rilliant spec men of his wonderful ingen iity and of his knowl- 
dge ; for inleeJ the mana^Lment of steam to pertettun is the 
roployment of an atcumj lisht I philosoplier 

"During my residence in Glasgow I ^^ai in habits of con- 
inual intimacy with Mr Watt All who knew him know that it 
s his greatest pleasure to communicite his knowledge to those 
vho haie a relish for it I hi^e retsju to think that ho never, 
rora any kind of jealousy concealel anj thing f om me From 
he day that he — I may almost say ue — began to plaj with the 
College model, I knew almost every step of his thoughts ; he was 
;onfined to his business ;' I was more at large, and going about 
the College. I ransacked the libraries for every book that he 
wanted, and every quotation that he met with made him impa- 
tient till he got at the original. I saw every hook that he got by 
any other channel besides the public libraries. So I may safely 
say that I knew the whole extent of his reading. Our abode was 
too far out of the circle of busuiess for allowing us to be informed 
of the numberless projects that are every day bom and buried in 
this busy country. I can say, with great confidence, that noth- 
ing ever occurred to Mr. Watt, either by reading or information, 
of his leading principle, of a steam-vessel perpetually and univer- 
sally hot. All the other contrivances, of separate condenser, — 
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air and -water-pompB, — amalgam, or rosing, or fats foe keeping 
the piston air-tight, — are but so many emanations from this first 
thought ; and I will Tenttire to Bay they all came into his mind 
in Buuiessiou, and neatly in the order I have etated, after he 
Baid to himself, ' Let me make an engine, working hj a piston, 
in which the cylinder ehall be continually hot and perfectly dry.' 
I will venture to Bay that in no book previous tothat date is there 
any account or proposal of Buch a thing, if we except some at- 
tempts to put the steam-vessel of Worcester's or Saver/s engine 
in this predicameDt, by means of a travelling mass of oil or air, 
which was to he interposed between the steam and the water that 
was to be raised. Of these, Mr. Watt and I had some very im- 
perfect account ; but they never interested him, because the very 
nature of the operation made it impossible to do anything more 
than approximate to the desired object. 

"I. must say, further, that the thought was wholly Mr, .; 
Watt's. . For this I have every, authority that can be wished for-i^ 
'; I. am certain that .when ^I .went .out of town in (May,. I think) (^ 
J J-765, he bad not thought of the method of keeping the cylinder i^ 
i ■-■'hot^MMi;! am as certain .that a fortnight after he had completed^t 
^^-itj^and^oonfirmediit by experiment. Dr. Black, the first phUo^^ 
"t BOphicalchemiB^of. his,', time, and the moat Bcrupnlous man nponi 
^ earth,with respect to cl^ms of i originality, gave this to Mi. Watt^ 
s in the most onqnaljfied termSf the first time LBaw,him after I had/; 
^ learned it from Mr. Biown, and long.befoie I saw Mr. Watt and '^, 
■; got it more distinctly from himBelfl"i(ij • •, • • 
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The account given hy Mr, Watt himself, in his Kotes on Pro- 
fessor Eobison'a dissertation on Steam-enginss,* is as follows : — 

"My attention was first directed, in the year 1759, to tLo 
suhject of steam-engines, hy the late Dr. Kohison, then a student 
in the University of Glasgow, and nearly of my own age. He 
at that time threw out an idea of applying the jxiwer of the 
steam-engine to the moving of wheel-carriages, and to other pur- 
poses, but the scheme was not matured, and was suon ahaudoaed 
on Lis going abroad. 

" About the year 17C1 or 17G2 I tried some experiments on 
the force of steam in a Papin's digester, and formed a species of 
steam-engine by fixing upon it a syringe, one-third of an inch 
diameter, with a solid piston, and furnished also with a cock to 
admit the steam from the digester, or shut it off at pleasure, as 
weU as to open a communication from the inside of the syringe 
fo tie open air, by which the steam contained in the syringe 
might escape. AVhen the communication between the digester 
and syringe was opened, the steam entered the syringe, and by 
its action upon the piston raised a considerable weight (15 lbs.) 
with which it was loaded. When this was raised as high as was 
thought proper, the communication with the digester was shut, 

• Bobison's Uachaiiioal Worki, edited hj Sir David Brewsier. 
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and that with the atmosphere opened ; the steam then made its 
escape, and tlie weight descended. The operations were repeat- 
ed, and, thougli in this experiment the cock was turned hy hand, 
it was easy to see how it could be done by the machine itself, and 
to make it work with perfect regularity. But I soon relinctui shed 
the idea of constructing an engine upon its principle, from being 
sensible it would be liable to eome of the objections against Sa- 
very'a engine, viz., the danger of bursting the boiler, and the dif- 
ficulty of making the joints tight, and also that a great part of 
the power of the steam would be lost, because no vacuum was 
formed to assist the descent of the piston. I, however, described 
this engine in the fourth article of the specification of my patent 
of 1769 ; and again in the specification of another patent in the 
year 1784, together with a mode of applying it to the moving of 
wheel-carriages. * 

"The attention necessary to the avocations of business pre- 
vented me from then prosecuting the subject further, but in the 
winter of 1763-4, Laving occasion to repair a model of Newco- 
mon's engine belonging to the Natural Philosophy class of the 
University of Glasgow, ray mind was again directed to it. At 
that period my knowledge was derived principally from Desagu- 
liers, and partly from Belidor. I set about repairing it as a mere 
mechanician ; and when that was done, and it was set to work, I 
was surprised to find that its boiler could not supply it with 
Btcam, though apparently quite large enough, (the cylinder of the 
model being two inches in diameter, and six inches stroke, and 
the boiler about nine inches diameter.) By blowing the fire it 
was made to take a few strokes, but required an enormous quan- 
tity of injection water, though it was very lightly loaded by the 
. column of water in the pump. It soon occurred that this was 
caused by the little cylinder exposing a greater surface to con- 
dense the steam, than the cylinders of larger engines did in pro- 
portion to their respective contents. It was found that by short- 
ening the column of water in the pump, the boiler could supply 
the cylinder with steam, and that the engine would work rega- 
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July with a moderate quantity of injection. It noiv appeai-e 

dbt the cylinder of the model, being of brass, would conduct heo 

■Bich better than the cast-iron cylinders of larger engines, (gen 

nily covered on the inside with a stony crust,) and that consider 

•tie advantage could be gained by making the cylinders of sorai 

,i|L stance that would recent, and gne out heat slo»ly Of thesi 

■WDod ^ieemed to be the mo*.! likely, proiided it should pro^e suf 

fcicntU dnrabk A small cn^^ne v. is therefore, constructed. 

I ^th a cvlinder six inches diimcter, -tnd tweUe inches stroke^ 

apde of flood, staked m Imseed oil, and baked to dryness. 

^Tfith this engme many e'^pcnmcnts Mere made, but it wts soon 

jS|und that the ■wooden cylinder was not liktly to prove datable, 

%,W*1 that the steam condensed in flUing it still exceeded the pro- 

S^.^*jiiitiiit of that required for large engine's, attoiding to the state- 

H,nts of DesaguHers It was ilso found that all attemptstopro- 

: a better esJiaustion by throning in mire uijei,tion, caused n 

ciportionate waste of steam On reflection, the cause of 

siemed to bo the boiling of water in v uuo at low beats, a 

rtery lately made by Dr Cullcn and some other philosophers, 

llelow 100°, as I was then informed,) and consequently, at greater 

liats, the water in the (.vlinder ^^ould produce a steam which 

lould, in part, resist tht. pressure of the atmosphere 

"By experiments winch I then ttu,d upon (he heats at which 

Pater boils under several pressures greater than that of the at- 

e, it appeared that when the heats proi.ceded m an aritli- 

lietical, the elasticities proceeded m some geometrical ratio ; and, 

Y laying down a cur>e from my data, I ascertained the particu- 

e near enough for mv purpose It also appeared that any 

jpproach to a vacuum could only be obtained by throwing in large 

Suantities of injection, which would cool the cylinder so "much as 

require quantities of steam to heat it again, out of proportion 

the power gained by the more perfect vacuum, and that the old 

jngineers had acted wisely in contenting themselves with loading 

^he engme with only sis or seven pounds on each square inch of 

he area of the piston. It being evident that there was a great 
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error in Dr. Desaguliera' calcnlations of Mr. Beighton'a e-^pen- 
ments on the bulk of steam, a Florence flask, capable of contain- 
ing about a pound of water, Lad about one ounce of distilled 
water put into it; a glass tube was fitted into its mouth, and the 
joining made tight by .lapping that part of the tube with pack- 
thread, covered with glazier's putty. When the flask was set up- 
right, the tube reached down near to the surface of the water, and 
in that position the whole was placed in a tin reflecting oven be- 
fore a firo, until the water was -wholly evaporated, which happened 
in about an hour, and might have been done sooner had I not 
wished the heat not much to exceed that of boiling water. As 
the air in the flask was heavier than the steam, the latter ascend- 
ed to the fop, and expelled the air through the tube. When tho 
water was all evaporated, the oven and flask were removed from 
the fire, and a blast of cold air was. directed against one side of 
the flask, to collect the condensed steam in-one place. WLenall 
was cold, the tube was removed, the fiask and its contents were- 
weighed with care, and the flask being made hot, it was dned by 
■^ blowing into it by bellows, and, when weighed again, was 
found to have lost rather more than four grams, estimated at 41 
jk grams. j^-Wlien the flask was filled with nater, it wap found to 
contain about- 17^ Ounces avoirdupois of that fluid, b Inch gave 
aboDi 1800 for the pxpaneion of water converted into steam of the > 
i4' heat of bOihng wafer ''' " - fc 

" This erpenment was repeated wiUi nearly the same result, 
and in order to ascertain whether the flask had been wholly filled 
with steam, a similar quantity of water was for the third t ma 
evaporated, and, while the flask was still cold, it was placed m 
verted, with its m[juth (contracted by the tubej immersed in a 
vessel of water, whichjt sucked in as it cooled, until in the tern 
peratore of the atmosphere it wns filled to within half an ounce 
measure of water In the contrivance of tjiis experiment I was 
assisted by Dr Black In Dr. Robison'a edition of Dr. Hack s 
lectures, vol i, p 147, the latter hints at some experiments upon 
this subject, as made by Aim, but I have no knowledge of any ex 
cept those which I made myself. 



Google 



HIS OWB NARRATIVE. 63 

" In npetiticms of thiB experiment at a later date, I eimpli- 
ttA tin ajqamtoB by omitting the tube and laying tlio flask upon 
lis nde in tha oren, partly closing itfi mouth by a cuik, Laving a 
w4ch on MM stde, nod otherwise proccediDg as lias been mcn- 
bonad. 

"I do aot consider these experiments as extremely accurate, 
As only icale-beun of a proper eize which I bad then at my 
emaasod not being very sensible, and the bulk of the steam be- 
ing liable to be influenced by the heat to which it is exposed, 
vbich, in the way described, is not easily regulated or ascer- 
tained ; Imt, from my experience in actual practice, I esteem the 
expanaoli to be rather more than I have computed. 

"A boiler was constructed which showed, by inspection, the 
qoantity of water evaporated in any given time, and thereby aa- 
certamed the quantity of steam used in every stroke by the en- 
, irhioh I fonnd ta be several times the full of the cylinder, 
t at^the qnautity of water, required for- the injeotion,.~; 
^di^ gnat beat it had, aoqnired from the,.small quantity of ..^ 
t ia.th0 tana of fA&aa which had,been nsed in filling the cyl- 
l^indfl^ind. tbin^'ng I had mads .some;, mistake the following ez- . 
rpnnwi^wai tried,>7-A glass, tube was bent at light angles ; one 
LsujpM insartBd bprisoatally^into. the spout of a tea-kettle, and :, 
gtluLnbatfartwutinimened'perpeiidicalarly in well-water con- ^ 
inaeylmdrio glass vessel, and steam was made. to pass/ 
Lit nntilit oeased^to "be condensed, and the water in the 
•"{jlaBS Teasel was .become, nearly boiling hot. The water in the ,; 
glass vessel was then foimd to have gained an addition of about 
one-SLXth part from the ; condensed steam. Consequently, water 
converted into steam can heat about six times its own weight of 
weD-waler to 212°, or till it can condense no more steam. B&- 
f ing Btmck with this remarkable fact, and not understanding the 
reason of it, I mentioned it to my friend Dr. Black, who then es- 
phuned to me bis doctrine of latent beat, which be bad taught 
for some tmie before this period, (summer 1764,) but having my- 
self been occupied with the pursuits of business, if I had heard 
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of it, I had not attended to it, when I thua stumbled upon one of 
the material facts by which that beautiful theory is supported. 

"On reflecting further I perceived that, ia order to make the 

best use of steam, it was necessary— first, that the cylinder should 

be maintained always as hot as the steam which entered it; and, 

■ secondly, that when the steam was condensed, the water of which 

it was composed, and the injection itself, should be cooled down 

to 100°, or lower, where that ^s-aa possible. The means of accom , 

plishing these points did not immediately present themaelvea, but 

early in 17(i5 it Occurred to me, that if a communication were 

opened between a cylinder containing steam and another vessel 

which waa exhausted of air and other fluids, the steam, as an 

elastic fluid, would immediately rush into the empty vessel, and ' 

continue so to do until it had established an equilibrium, and if : 

that vessel were kept very cool by an injection, or otherwise, more 'i 

steam would continue to enter until the whole was condensed., 

^But both the vessels being exhansted, or nearly bo, how were the;; 

.; injection-water, the air which would enter with it,- and. the con-i;] 

r^densed steam, to be got out 1 This I proposed, in my own mind,*' 

f^ perform in two ways. One was, by- adapting to thesecond^. 
^yessel a pipe, reaching downwards more than 34 feet, by which, 
the Vater. would descend, (a column of that length overbalancing^! 
the atmoffphei:B,J,ftnd by extracting the air by means of a pump. J' 
■^ "The second method waa^tyi employing a -pump, orpnmps^: 
to extract boththesdrarLd-.liie watery which wmild be applicabll! 
vin aU places, and essential in those oaaeg where there was no well - 
vOr pit ■.■'-■,-■■■".--..,■.;,■--.,. .^. . „ '' 

" This latter method was the fine I then preferred,. and is the' 
only one I afterwards continued to use. . 

"InNewcomen's engine the piston is kept light by water, ' 
which could not be applicable in this new method j as, if any of 
it entered into a partially exhausted and hot cylinder, it would 
boil, and prevent the production of a vacuum, and would also 
cool the cyhnder by its evaporation during the descent of the 
piston. I proposed to remedy this defect by employing wax, tal- 
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Imr, or other grease, to lubricate and keep tbe piston tight. It 
next occnrred to nie that, the mouth of the cylinder being open, 
theur which opened to act on the piston would cool the cylinder, 
uid condense some Hteamon again fillingit. I therefore proposed 
to put an &ir-tight cover npon the cylinder, with a hole and stuf- 
fing-box for the pialon to alide through, and to admit steam above 
the piston to act upon it, instead of the atmosphere. The piston- 
rod sliding throngli a stuliing-box was new iu steam-engines ; it 
was not necessary in Newcomen's engine, as the mouth of the 
cylinder was open, and the piston-rod was square and very 
cliunsy. The fitting the piston-rod to the piston hy a cone was 
an after improvement of mine, (about 1771.) There still re- 
mamed another soiirce of the destruction of steam, the cooling of 
the cylinder by the external air, which would produce an internal 
condensation whenever steam entered it, and which would be re- 
i every stroke ; this 1 proposed to remedy hy an external 
^l^Ibid^, containing steam, sturounded by another of wood, or of 
aiCAneotheF'subetance which-wonld conduct heat slowly^ ;■. ■ '. 
^!^ " When J-once -the- idea' of the separate condensation was 
EKarted, all; these impiovementa ' followed as corollaries in quick 
^ *llDce8Biau;^8l} that inthg course of one or two days the invention 
cfHiiplet^ln my'mind, and I immediately set about 
I «xperimuit to Terify it practically. I took a large, brass 
I, If inches diameter and 10 inches long, made a cover and 
lorn to it of tin-plate, with a pipe to convey steam to both 
S of thecylinder from the boiler; another pipe to convey 
m from the upper md to the condenser, (for, to save apparatus, 
I mverted the cyhnder ;) I drilled a hole longitudinally through 
the axis of the stem of the piston, and fixed a valve at its lower 
end, to permit the water, which was prodoced by the condensed 
steam on first fiOing the cylinder, to issue. The condenser used 
upon this occasion consisted of two pipes of thin tin-plate, ten or 
twelve inches long, and about one-sixth inch diameter, standing 
perpendicular, and communicating at top with a short horizontal 
pipe of large diameter, having an aperture on its upper side. 
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whiuh was ahnt by a valve opening upwards. These pipes were 
joined at bottom to another perpendicular pipe of about an inch 
diameter, which served for the air and water-pump, and both the 
condensing pipes and the air-pump were placed in a small cistern 
filled with cold water. This construction of the condenser waB 
employed from Rowing that heat penetrated thin plates of metal 
very quickly, and considering that if no injection was thrown 
into ao exhausted vessel, there would he only the water of wLiuh 
the steam had been composed, and the air which entered with the 
steam, or through the leaks, to extract. 

"The steam-pipe was adjusted to a small boiler. Wlien 
steam was produced, it was admitted into the cylinder, and soon 
issued through the perforation of the rod, and at tlie valve of the 
condenser. When it was judged that the air was expelled, the 
steam cock was shut, and tie air-pump piston-rod was drawn up, 
whuh leaving the small pipes of the condenser in a state of vac- 
uum, the steam entered them and was condensed. The piston 
of the cylinder immediately rose, and.lifted a weight of about 18 ■, 
lbs., -which was hung to the lower end of the piston-rod. The ; 
. exhaustion-rcock waa shut, the steam fras readmitted into the cyl- 
inder, and; the opwation was repea^dj the quantity of steam ■: 
oonsumed,-and thojweighta it could raise, were observed, and, ex- . .^ 
ceptmgthe non-applic»tioa_of the steam-case and external cover- ,'^ 
mg, the invention was complete, in b<) far as regarded the, savingB i 
of steam and fiiel. . A large mode^with aQ^ontet cylinder and t 
wooden case, waB immediately conatmcted, and the experiments " 
made with it served to verify the expectations I had formed, and ' 
to place the' advantage of the invention beyond the reach of 
doubt It was found convenient afterwards to change the pipe- 
condenser for an empty vessel, generally of a cylindrical form, 
mto which an injection played, and, in consequence of there be- 
ing more water and air to extract, to enlarge the air-pump. 

" The change was made because, in order to procm'e a surface 
eufiiciently extensive to condense the steam of a large engine, 
the pipe-condenser would require to be very voluminous, and be- 
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c«ii8e the bad water with which eDginea are frequently supplied 
woald crust over the thin ])lates, and prevent their cuiivejiiig the 
heat sufficiently quick. The cylinders were also placed with their 
mouths upwards, aud furnished with a working-beam and other 
apparatus, as waa usual in the ancient engines ; the inversion of 
the cylinder, or rather of the piston-rod, in the model, being only 
an expedient to try more easily the new invention, and being sub- 
ject to many objections in large engines. 

"In 17fi8 I applied for letters patent for my 'Methods of 
Lessening the Consumption of Steam, and, consequently, of Fuel, 
in Fu-e-Engines,' which passed the seals in January, 17C9 ; and 
my Specification was enrolled in Giiancery in April following." 

Mr. John Hart, an ingenious tradesman of Glasgow, who 
-was a native of Borrows toness, and, together with his brother 
Robert, already mentioned, waa distinguished by a predilection 
for tbe practical arta connected with science, has related that Mr. 
Watt frequently conversed with him on- subjects of mechanical 
interest, and that being asked by him, .in 1817, whether he recol- 
lected how the first idea of his great discovery came into his mind 
he replied, "0 yes, perfectly. ' One Sunday afternoon I had gone 
totake a walk in the Green of Glasgow, and when about half way 
betweea the Herd's Honse and Am's Weil, my thoughts having 
^ Jbeen natnrally tnmed to the experiments I had been engaged in 
'^i for saving heat in the cylinder, al that part of the road the idea 
occurred to me, that, as steam was an elastic vapour, it would 
expand, and rush into a previously exhausted space j and that, 
if I were to produce a vacuum in a separate vessel, and open a 
communication between the steam in the cylinder and the ex- 
hausted vessel, such would be the consequence." 

Without dwelling on the particular scenes of these minute 
recollections, which, however, may in future interest the local 
topographer and antiquary, wo do not fear being accused of 
undue repetition if we lay before the reader a more careful his- 
tory, also given by Mr. Watt, of the origin and early progress of 
hia mventions, so far as they were specified in relation to his first 
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pMent. Thi. mtcreslmg documml wa. prepared by him m 1796 
OS n general an„er to 11,, objeUions .hieh his oppooente, in the 
hhgation already refened to, i.ised to the apeuhc.tion Ei- 
pre.,sed in luignage both precise and clear, il ,as oriemally in 
tended for the micrnutiOn of lonnsel, and, thiongh them, of the 
Court, and »as, bj ,t. unassuming author, with characteristic 
BUaplicity, entitled — 



A Plain Story 



"W. found th^t a well made brass model of Nowcomin s en 
gine consumed quantities of steam and fuel out of ,11 reason 
•He or direct prop.rt.on with Urger engines Ho oonsultod 
Desaguhers H.tural Ihilosophy, „d Belidor, Architecture 
Hydrauliquo the only books from which he could hop. for mfor- 
mation He fomid that both of them rearmed learnedly, but by 
no means satiflaetonly and that Desagnli.r, had committed a 
very gross arithmetical error m calculating the bulk of steam 
from the water etapirated in . common steam engine, which 
bemg«8ctdied, it appeared next that hi, data, or assumed facti 
were Abe, ^By, ,m,pls eipenment, W found what was the 
real Wkr oPwater comerled mto steam , and from his fnend Dr 
Black he learned what w«« the heat absorbed mSL rendered latent 
by the con,ero»n of watot mto steam, wh.ch.the Doctor then 
publicly langhl, and had done for some year. Experiment, had 
taen made long before by Dr CuUen.Mr John Eohison, and others, 
m pnbhe classes, which proved that water, when placed m an oi- 
bausted receiver, boil«i, and was oonverted into steam at the heal 
of 70 or 80- of Fahrenheit s thermometer, while it was well known 
that under the pressure of the atmosphere it reqnued 2U°ot heat 
to make ,1 bod, and emit steam capable of duplacmg the an 
It wa. evident, that, under mtormediato pressures, intermo- 
dials degree, of heat would bo rc^mred to make it boil, and that 
m the steam-engine more or less cold water must bo thrown m 
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according to the degree of exhauBtion which might be required ; 
or, in other words, according to the Bumber of pounds per inch 
the engine was loaded to. 

"Newcomen'B and Savery's engines eiisted ; the latter were 
in general laid aside, on several accounts, but the principal one' 
seems to have been that the "cold water, the misiug of which 
fonned the effect of the engine, entered the Bt^am-vessel itself, 
which in general was not a cylinder, but was of an oval or egg 
form ; and, by cooling it, destroyed a great quantity of steam 
when it came next to be filled, which Desaguliers expressly 
notices. This engine, however, had an injection of cold water, to 
commence the coudenaation of steam, and Savery seems to have 
been the inventor of that valuable article ;* but he also seems in 
some cases to have condensed the steam by pouring cold water on 
the outside of bis copper steam-vessel. 

"In Newcomen's engine the steam-vessel was a cylinder, or 
80 meant to be. A. piston was suspended, moreable, in that 
cybnder; this piston hung by chains to the, areU^of a strong 
double-ended lever like a scale-beam, to the other end of which 
the rods which wrought _tie pumps were suspended in the like 
manner. ^- The steam waa admitted from.a covered boiler, through 
a pipe, into^the cylinder below the piston ; the air was blown out 
by the steam at a pipe near the bottom of a cylinder, called the 
I mtft The. passage from the boiler was shut;, cold water- was 
» rupoutedorinjectedintothecylinderiromacistemplaoedhieherf 
the steam was thus condensed or rendered less elastic ; the other 
1 end or mouth of the cylinder being open ; the pressure of tho 
atmosphere, not being resisted by an equally elastic fluid 
within, or under the piston, weighed upon the latter and caused ' 
It to descend, which; by means of the lever, drew up the pump- 
rods and raised the water. The injection-ooek or valve was 
then shut, the steam-regulator or valve was opened, steam was 
readfnitted, the , equilibrium of pressure upon the upper and 
• ABcribed, however, by DeSBgulierB. vol. ii. p. 538, to Newcomen and Caw- 
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Biider .idBs of the piston waa peiloiea, and tie mpetior ifeiiht 
of the pump-rods, by mean, of the great lever or wo,kiog-le.m, 
drew the pislon to the top of the cjlinder, and the operation te- 
commenced. When the pislon was at the hotlom of the ojlin- 
der, the ait which entered with the steam and with the injection 
water wae Mown ont at the snif't, and the hot water left in the 
cjhndet was expelled through another pipe; called the edmlim- 
pipe, which proceeded from the loftom of the cjlioder, several 
feet downward., and its lower end stood in a cistern of water, and 
was furnished with a valve to prevent regress. 

"The eleam-yalvo and the injeolion-cock were opened and 
Bhnt by eertam mechanism called working gear, which was put 
in motion by mean, of pegs in a piece of wood which ««. hung 
to and moved with the working beam, and was called the plug- 
ttee ... 

" In order to .upply the engine with cold water, il wrought • 

pnmp called a jack-head pump, which wa» shut at top by an iron 

cover, and it. pump-tod wrought through a collar of oakum 

, which permitted the rod to slide up and down, while ,t precluded 

I tha,8iit of the water, which was raised to a greater height 

if through n side branch turned upwards. 

■ ,!»^"Thn8,the latent heat of .team was diBcovered and published 
, by Dr. Black i-tho.boiling.of water .,H muo, at low degree, of 
beat, wa. dJMovered and publi.liedsly Dr. Culleli, Mr Bobuon 
and Mveral other.. ; .,-,». ,^:^ ■-j^LRtt' ^i^-a '- ' 

"The elastic. powers of ^steamiwere known to Hero of 
Alexandria, and to many ancient writer.. • The steam-engine 
wa. mvented by the Marjui, of Worcester, Savery, Papm, and 
Newcomen. 

"The means of confining steam, and the making valve., 
cocks, and regulators, were known to all of them Pumps for 
drawing both air and water ont of vessels or reservoirs were well 
known to everybody. An air-pump, with a- piston-rod moaij 
«™jj n cellar, wa. invented and pnUiihed by Mr. Smeaton ■ 
and the same method, even before Inm, was commonly u.ed in 



dbyG00<^Ie 



r 



" A. PLAIN STORY." 71 

the jack-head pnmps of cotumon Bteam-enginea, and \a otlier 
machines ; (this relates to tlio piston-rod of the cjhiider ; for, in 
respect to the air-pump, it ia not necessary, though convenient, 
thai it be sbat at top.) 

" A cylinder and moveable piston were used in Newcomen's 
engine; bo were the working beam and working gear, or ma- 
chinery for opening and shiitting the valves and cocks. 

" The steam was condensed by a spout of cold water in 
Savery'a and Newcomen's engines ; and, as it is said in Desa- 
gnliers, cold water was poured on the outside of the st^am-yes- 
sels for the same purpose. Everybody knew that cold bodies of 
all kinds condensed steam when they came in contact with it. 
There were pipes in all those engines which admitted the steam 
from the boiler, and cocks or valves which shut it out from tiiat 
vessel i and in Kewoomon's engine there was a pipe which con- 
cveyed away the hot water, and a valve which prevented its re- 
gress.-, . . . ■.■■■.;'.■. J ^ C 

" The diameters of those pipes, which admitted the ateam 
and let oat the injection-water, had been ascertained BufBciently 
near ^..The size and form of boilers, which answered sufficiently 
well, had also been ascertained. 

-rr- "Of all those things, "Watt must say, 'Non ea nostra voco.' 
The things that are his remain to be told. . 
• "He found, that by the application of the knowledge which 
has beeit mentioned, that the cause of the great consumption of 
fuel was, that the cylinder being cooled by the Injection-water, 
that vessel must condense a large quantity of steam whenever it 
K,, was attempted to be again filled with steam; that the vacuum 

i I could not approach to perfection without the steam was cooled 
below 100°; and that such cooling would inorease the evil 
complained of in a fourfold or greater ratio, heeauae the penetra- 
tion of the heat or cold into the cylinder would be as the squares 
of the differences of the heat between that vessel and the steam. 
How was this to ho avoided f 

*' He tried to make the cylinders of wood or other materials 
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which condnct heat elowly, but he could not prevent the steam 
from coming into contact with the comparatively cold water which 
remained in the bottom of the cylinder, and which must he expelled 
by the steam j besides his wooden cylinders did not seem likely 
to be of long duration. In such-like experiments, he epent much 
tune, and more money than was suitahle to' his cireum stances, 
yet be made no advances towards a beneficial discovery. But the 
matter having got firm hold of hia mind, and his circmnstances 
obliging him to make exertions to regam what he had spent, he 
turned the matter over m every shape, and laid it down as an 
axiom, — t/me to Ttiaie a perfect steam engine, it was necessary that 
the cylinder should be alwai/a as hot a, the "team which entered it, 
and that the steam should he cooled down below 100° in order to 
exeH its Jull powers The gam by such construction would be 
double — first, no steam would ba condensed on entering the 
cylmder, and secondly, the power exerted would be greater as 
the steam was more cooled Tlie postui<Ua, however, seemed to 
him incompatible, and bo continued to grope in the dark, 
misled by many an yrns Jatvus, till he considered that steanl 
t bemg an. elastic flmd, it must follow the law of its kind ; and 
_^that i( there were two vessels, A and B, of equal or other diraen- 
eions, the toe. A, filled with steam, and the other, B, .exhausted^ 
^if a communication l!rar9,opfined-. between, those, vessels, the 
steam would rash from the fall one intathe eippty.on^iand they 
would both remain half exhausted, (if the vessels were equal m 
size,) or be filled with steam of half tha. density If, then, into 
the second vessel, B, an injection of cold water were made, or 
cold water applied to its outside in sufficient quantity, the portion 
of Bteam which it contamed would be condensed or reduced to 
- water, and by the same law of nature that had operat«d be- 
fore, more steam would issue from A into B until the whole was 
condensed; and nearly a perfect vacuum estabhshetl in both ves- 
sels, yet as the cold water had not entered or touched A, that 
vessel would still retain its heat 

' This idea once started, the rest immediately occurred. The 
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vessel A being supposed to be the cylinder, B would be the 
vessel called now the condenser; the water, air, &c., accumulated 
in B, he immediately saw could be discharged or drawn out by 
means of a pmnp, or the water might be let run out by a pipe 
more than 34 feet long, going downwards, and the air might in 
that case be expelled at a valve by filling B with water, provided 
the descending eduction-pipe were shut meanwhile. On the 
whole, however, he preferred the pnmp. Another diificulty ap- 
peared, which was the making the piston tight. That could not 
be done with water, as in Newcomen's engines ; for that might 
get m and evaporate, and produce steam. He therefore thought 
of wax, oil, and similar Bubstances, as substitutes, knowing tliat 
they would not evaporate in the heat of boiling water; and, for 
greater security, Le proposed to employ the steam itself as the 
acting power on the piston, 

" The diameters of the pipes necessary to convey the steam 
into and out of the cylinder, he reflated from those in use. 
The size of tlie condenser he assumed at random, as he did that 
of the air-pump, which it was evident must be larger than was 
necessary to contam the water and probable quantity of air. All 
this passed in his mind in tite course of a few hours ; and in a 
few days he had a model at work, with an inverted cylinder, 
which answered his expectations, and was, as far as he remem- 
bers, equal in its properties of saving steam and fuel to any he 
has made since, though in point of mechanism much inferior. 
Very sunple cocks were employed as regulators or steam-valves, 
aad his air-pump and condenser were of tin-plate. His cylinder, 
however, was good, and of brass faboutj 2 inches diameter, and a 
foot long; the cocks were turned by hand, instead of bemg 
wrought by the engine. 

" If Mr. W. is thought worthy of credit in this matter, and 
, the facts are consequently allowed, where was the mighty diffi- 
culty of putting the invention in execution from stOl fewer data 
than he has set forth in his specification? He is not so pre- 
sumptuous as to think that there were not, and are not, numhera 
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of mechanics in this nation, who, from the same or even fewer 
hints, would have completed a better engine than he did. Mr. 
Bramah has proved* that he could, and W. is inclined to believe 
him. But W. does not pretend that any hijdy could have done it 
without thinkmg upon it, nor without much previous knowledge 
and some experience of similar things. 

"Had W. been content with the mecbanism of steam-engines 
as they then stood, his machine might soon have been brought 
■ before the public ; but bis mind ran upon making engines cAeop 
as well as good, and he bad a gi'eat hankering after inverted 
cylinders and other modifications of his invention, which his 
want of experience in the practice of mechanics in great, flattered 
him would prove more commodious than his matured experience . 
has shown them to be. He tried, therefore, too many fruitless 
experiments on such variations. He wanted experience in the 
conatructioa of large machines; tliat he endeavoured to acquire ; 
but experimental knowledge is of slow growth, and with all his 
ingenuity, so muck boasted to his prejudice, he was concerned in 
making some very indifferent common engines. Other avoca- 
tions, to him necessary, obliged him to turn his attention from 
the subject till he obtained the patent, so that at that time 
he had made no advances in the improvement of the mech- 
anism. He therefore thought it proper to specify only what 
was his invention, and to leave any mechanical improvements 
he might make, to be secured by other patents, if worthy of 

"His idea, then, was to apply his invention to the steam- 
engraes as they existed. For this purpose there was nothing 
else necessary than to shut up the snift, to apply a regulator or 
valve to the opening of the eduction-pipe within the cylinder, 
an air-pump to the outer end of that pipe, and to inject into the 
upper end of the eduction-pipe. If, at the same time, the cylin- 
der was defended from the cold of the atmosphere, the engine 



dbyGoo<^le 



"A PLAIN 3T0RY." 75 

wonld thus be complete, if the weight of the atmosphere were to 
be employed as the acting power; for all the regulators could 
be easily opened and shut by the then existing contrivances, 
and the air-pumjt rod could be suspended from the working beam. 
"If, however, the engine was wanted to receive all the ad- 
vantages of the invention, the cylinder was to be placed ia a 
case containing steam, with access for that fluid to the upper side 
of the piston, so that it might aqt upon it as the atmosphere 
acted in common engines, or in the case just stated. And in 
tJiis latter manner were tte engines made which he constructed 
in the beginning of the business ; that is to say, the cylinders 
were fixed in a case containing steam, with which fluid they were 
wholly surrounded ; and, their mouths being open within tlie 
case, tlie steam had always access to the upper side of the piston, 
and was admitted to the part below the piston only when the 
piston was rising. The opening from the cylinder into the 
eductioa-pipe was shut by a valve while the piston was rising, 
but when it was required to descend, the valve was opened. 
Tiiose valves were of the sliding kind used in Neweomen's en- 
gines. The injection was made into the eduction-pipe ; and the 
air-pumps, wiich drew out the water as well as the air, were fixed 
to the bottom of the eduction-pipe, which had a valve to prevent 
regress as usual. There was sometimes one pump, and sometimes 
there were two or three, as circumstances or the fancy of the rao- 
ment directed. Tiie working beams and working gear were made 
in the usual manner, or nearly so ; and in cases where tliere 
were boilers fixed for the common engine, which was superseded, 
tliey were used without alteration. 

" These engines, tlien, differed in nothing from the ancient 
ones, except in the application of W.'s principles, as set forth in 
his specification. 

" It was found that the external cylinder, or steam-case, was 
very expensive. The method of covering the ojlinder itself with 
a lid or cover, (which had been used in some of the models,) and 
conveying the steam to the lower end of the cylinder by a pipe, 
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was adopted, and a less expensive method of applying the en- 
velope of steam was used. Other kinds of regulators were in- 
vented, and the whole mechanism of the engine was gradually 
improved, and these improvements have been progressive for the 
last twenty-one years. Some of them W. has secured by other 
patents, but many of the most essential he has left free, and 
by means of them Newcomen's engines have been improved to 
Lis loss. 

" It will now, it is hoped, appear to the candid that W. has 
not wilfully concealed his invention by a false speciflcation, but 
has set forth the nature of the same, and the means of perform- 
ing it. He has told what he had invented ; and it could not 
have been expected that he should have described mechanism al- 
ready known to all practitioners, or not then invented. 

"W.'s invention is merely a contrivance to prevent cooling 
the cylinder, and to make the vacuum more perfect by condensing 
the steam in a vessel distincl from the cylinder- itself; this is the 
nature of the invention. The means of keeping the cylinder 
warm, — the substitution of the powers of steam for those of the 
atmosphere, — of grease, &c., in place of water to keep the piston 
tight, — and the drawing out the air, &c., by means of pumps, 
art merely aids in performing the principal object. Tliis ought 
to be kept in view in judging of the specification ; also that W. 
supposed it to be addressed to mechanics and philosophers, and 
not to the ignorant." 
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With regard to the model of Newcomeii's engine belonging to 
the College of Glasgow, and which has attained so great a celeb- 
rity by the results which it was instrumental in producing, we 
find two entries in the records of that Uniyersity; the first is as 
follows: — "University meeting, 25th June, 1760. Mr. Ander- 
son is allowed to lay out a sum, not exceeding two pounds ster- 
ling, to recover the steam-eogine from Mr. Sisson, inatruraent- 
raaker at London." 

Mr. John Anderson in 1757 succeeded Dr. Dick as Professoi' 
of ^Natural Philosophy in the College. 

The next entry concerning the model, itt the same records, 
appears to he this: — "University meeting, 10th June, 17G6. 
An account was given in by Mr. Jainea Watt for repairing and 
altering the steam-engine, with copper pipes and cisterns, 
amounting to 5?. lis. The said machine being the property of 
the College, and having been in snch a situation that it did not 
answer the end for which it was made, the Principal is appointed 
to grant a precept for payment of the said account, which is to 
bo stated upon the fund for buying instruments to tie College." 

This, it will be remembered, was after the idea of the separate 
condenser had " occurred," which was " eai-ly in 1765 ; " and by 
the repairs and alterations of the "copper pipes and cisterns " of 
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the machine, its fault of not answering the end for vihich it was 
made, bad in all probability been eftectually corrected. That 
interesting little model, as altered by the hand of Watt, and 
preserved in al! safety and honour witliin the precincts of its 
ancient birth-place, had been appropriately placed beside the 
noble statue of the Engineer, in the Hunterian Museum. But 
on revisiting the College of Glasgow in January, 1854, we found 
that it had been placed among the apparatus attached to the 
Natural Philosophy Lecture-room, where, it was alleged, it had 
dwelt nearly a century ago. 

None of the different accounts which thns remain to ns of the 
date of this, Mr. Watt's greatest invention, fix the precise day 
on wliich, to use Dr. Black's happy expression, " this capital im- 
provement flashed on his mind at once, and filled it with rapture." 
According to Eobison's recollection, thu-ty-one years afterwards, 
it was somewhere about 1765. 13r. Black, writing after the same 
internal of time, states it as having been "in the beginning of 
the year 1VC5." Mr. Watt himself, m Ins notes onEobison, saya 
"early in 1765 ;" and the nearest approvim^tion ne can mike, 
from other documentary evidence, to any mort, pretide date, is, 
that it must have been presious to the 20th ot Aprd in that 
year, as on that day Mr. Watt writes to hjs fiiend Dr Lind, " I 
have now almost a certainty of the factui-mn of the fire-engine, 
having determined the following particulars ; the quantity of 
steam produced ; the ultimatum of the lever engine ; the quan- 
tity of steam destroyed by the cold of its cylinder ; the quantity 
destroyed in mine : and if there is not some devil in the hedge, 
mine ought to raise water to 44 feet with the same quantity of 
steam fhat theirs does to 32, (supposing my cylinder as thick as 
theirs,) which I think I can demonstrate. I can now make a 
^cylinder of 2 feet diameter and 3 feet high only a 40th of an 
inch thick, and strong enough to resist the atmosphere ; sed lace. 
In short, I can think of nothing else but this machine. I hope 
to have the decisive trial before I see you. Write me to-mor- 
row what you are about, and if any part of what you have to tell 
me concerns the fire-engine." 
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"His mind," says Dr. Black, "became now very much em- 
ployed in contriving the machinery liy which this improvemeBt 
might be reduced to practice ; and he soon planned it to such a 
degree that he thought he was ready to make an esperiinent on a 
large scale. But here he was stopped by the want of funds ; and 
he found it necessary to associate himself with some person who 
had money and spirit fur such an undertaking, and to participate 
with him the advantages which miglit be derived from this 
invention. He addressed himself to the late Dr. Eoebuck, whose 
spirit for enterprise and improvement in arta was very well 
knoivn, and the Doctor accordingly received with zeai the oppor- 
tunity offered to him. A small engine was soon built in one of 
the offices of Kinneil House, near Borrowstoness, wliers various 
trials were made, and some difficulties surmounted, so as to give 
satisfaction. 

"I must add that I was as much upon a footing of intimate 
friendship with Dr. Koeljuck as with Mr. Watt. . The Doctor, too, 
had no small degree of mechanical knowledge and ingenuity; 
and was well qualified to perceive and value the talents of Mr, 
Watt. He had also much experience in the use of common 
steam-engines, which he employed in working his colliery. He 
was withal ardent and sanguine in the pursuit of his under- 
takings, and was therefore a fortunate associate for Mr. Watt. 
Mr. Watt was a valetudinarian, more or less, ever since I knew 
him; and his mind was liable to be too much depressed by little 
cro^s accidents, or by the necessity of a greater expense than he 
had foreseen ; whereas the Doctor was undaunted on such occa- 
sions, and roused Mr. Watt to disregard expense, and to douljle 
his exertions until the difficulty was overcome. But Mr. Watt 
wa th I to f th capital improvement and contrivance 

ah m t 1 I m mber very well that it cost me several 
reaso mg 1 t ns to inform the Doctor fully of the 

nat t t n f th g at quantity of heat, and, consequently, 

of f 1 n t p d it, and of the importance, therefore, 

of preventing the waste of it." 
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"I was very unfortunate," says Eobison, "in. two Tisits I 
made to Glasgow during that summer; Mr. Watt being from 
home, once at Greenock, seeing hia fatter, who was ill, and the 
other time on a survey for a canal. When I came to town for 
the winter, I found that Mr. Watt was again from home, and that 
he was deeply engaged with Lis engine. His situation in life 
made it imprudent to engage in great expenses, and he was obliged 
to look out for an associate. Most fortunately there was ia the 
neighbourhood such a person as he wished, — Dr. Eoebuck, a gen- 
tleman of very uncommon knowledge in all the branches of civil 
engineeringffamUiarly acquainted with the steam-engine, of which 
he employed several in bis collieries, and deeply interested in this 
improvement. He was also well accustomed to great enterprises, 
of an undaunted spirit, not scared by difficulties, nor a niggard 
of expense. Such a man was indispensably necessary to one gf 
Mr. Watt's character ; — modest, timid, easily frightened by tuba 
and misgivings, and too apt to despondi I do not know who 
pointed him out to Mr. Watt. He was well acquainted with Mr, 
Watt's talents, and admired them. I believe the connection was 
very soon formed. Dr. Black and all Mr. Watt's friends were 
happy at seeing so fair a commencement. At this time I had not 
thepleafiureof being known to Dr. Roebuck." * * * "I believe 
that Dr. Black was the chief means of forming the connection 
between Mr. Watt and Dr. Koebuck ; and I recollect most dis- 
tinctly his saying to me, that Watt would have some difficulty in 
managing' Dr. Eoebuck, who at that time had not become a com- 
plete convert to the doctrine of latent heat. Accordingly, it was 
BO ! and Mr. Watt was obliged to yield for some time to the 
Doctor's confidence in his own great experience. The Doctor 
thought to produce the condensation, with sufficient rapidity and 
accuracy, by a very extensive surface ; and Mr. Watt knew that 
it also required a great quantity of water, or other matter, to 
receive the emerging heat. I know tbat these differences of 
opinion retarded the completion of the engine. 

"But Dr. Eoebuck had too much judgment not to see the 
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conclusiveneas of the experiments by which the doctrine of latent 
heat is established, anil not to yield to their force ; and everything 
went on at last to their mutual satisfaction. Dr. Roebuck knew 
Mr. Watt's talents, and most liberally praised them. His 
timidity, his disposition to despond when under unforeseen diffi- 
culties, and hia painful anxiety and diffidence in himself, were 
frequently the subjects of friendly merriment at the Doctor's fire- 
side ; and I have often heard him say, that without his help, and 
even his instruction, on many points of the construction, Mr. 
Watt could never have gone on. I have even heard him mention 
some important, hut subordinate parts of the engine, which were 
of his contrivance. But I never heard him lay the smallest claim ■ 
to the leading thought of a hot and dry cylinder for the piston to 
work in, and, therefore, a separate condenser. I never knew 
him. to call it 'my engine,' nor 'our engine,' but uniformly 
'Watt's engine,' when he had occasion to speak of it as distinct 
from the old or Newcomen^B engine. I remember Mrs. Roebuck 
saying one evening, ' Jsinie is a queer lad, and without the Doc- 
tor bis invention would have been lost; but Dr. Roebuck won't 
let it perish. I mention ali these trifling things because I have 
often heard gentlemen living in the neighbourhood of Borrow- 
stoness speak of this new project as Dr. Roebuck's, in which he 
was assisted by one Watt, from Glasgow. One gentleman in 
particular, Mr. Graham of Airth, insisted with me that Dr. Roe- 
buck was the inventor. But one day Mr. Graham came home 
from Falkirk, where he had seen Dr. Roebuck, and engaged him 
in conversation on the subject. l£e told me that he now saw 
plainly that Mr. Watt was the sole author, and said that he 
would be at some pains to undeceive some gentlemen of the 
neighbourhood, who were of the opposite opinion. This was very 
natural. Dr. Roebuck was a gentleman of uncommon knowledge 
in everything of this kind, and considered as the first judge in 
all that country of all such matters ; whereas Mr, Watt was a» 
' entire stranger. 
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"1 remember, also, that in 177i, or 1775,* after my return 
from Eussia, I had some conFersatioii with Dr. Koebuck. ■ The 
Doctor spoke with some dissatisfaction of Boutton and Watt 
They were now, he said, amassing fortunes from a project which 
his misfortunes had obliged him to cede to them. They seemed 
to have for'gotten that he had suffered all the anxieties attending 
the infant project ; he had run all the risk, — and the risk had 
been very great, both from the novelty of the thing, and from Mr. 
Watt's delicate health, and his timidity under difficulties; that 
without his continual encouragement and support, it never would 
have succeeded. He had ceded bis right on very moderate 
terms, and he had expected some remembrance of this. In this 
disposition to repine at an opportunity which he had lost of bene- 
fiting himself, it would have been most natural for Dr. Koe- 
buck to put a high value on any part that h h d h d n the dis- 
covery ; and I listened with some anxiety t h if h d anced 
any claim of this kind, for I knew that any 1 th ^ f m Dr. 
Eoebuck would be received with much d f B t I have 

the most distinct recollection that he made n 1 im wh t ver of 
this sort i but, on the contrary, spoke in th hi h t t ma of 
Mr, Watt's ingenuity and inexhaustible resource of invention. 

" The duties of my profession call my attention to a great va- 
riety of very interesting objects. Of all these, my favourit* ob- 
ject is practical mechanics, I have, therefore, hunted everywhere 
for information, and my opportunities have been considerable. 
Understanding most of the languages of Europe, I have looked 
into almost every book which treats of such things ; and, in par- 
ticular, I have searched for every project in mechanics, descrip- 
tion of machines, and schemes of public works. I can recollect 
but one trace of anything like a separate condenser of steam. 
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This is in a volume of the ' Commentarii de Eebas in Medicinaet 
Scieniia Natarali gestis ; ' I cannot now recollect the volume, and 
only remember ttat it is a late one ; {indeed this whole work is 
of a date posterior to 1769)- In this volume tliere is a short ac- 
count given of an air-pump by M. Wilcke, of Upsal or Stock- 
holm, precisely such as I made when I beard of Mr. Watt's con- 
trivance. It is mentioned as a thing which tbe Eeviewershad for- 
gotten in its proper time, and they say, ' dudum fabi-icuvit.' I men- 
tioned this about a year ago to Ur. Black, when we were speaking 
of some curious observations of M. Wilcke on the cloud which 
appears in the receiver of an air-pump when damp air is suddenly 
rarefied. Tbe Doctor told me that, when he was yet in Glasgow, 
he had a pupil of tbe name of Williams, or Williamson, from the 
Mine College in Sweden; that this person was intimately ac- 
quainted in Dr. Koebuck's family, and, he believed, also with Mr. 
Watt; that he was in this country almost three years, and fully 
understood all Ms theory ; and he bad no doubt that Dr. Wilcke 
owed to him all that he bad publislied on that subject. Ho 
thought it equally probable that this project of an air-pump bad 
transpired in some of our conversations, it being a thing on which 
we put no value." * * * 

The following is evidently the notice intended to be referred 
to by Dr. Kobison, which we iiero translate from the Latin, in 
which language it is printed in the Transactions of the Koyal 
Academy of Sciences of Sweden : — 

"3. John Charles Wilke, Lecturer on Experimental Philoso- 
phy, proposes a new Mud of air-pump. He makes use of the 
well-known property which tbe steam of boiling water possesses, 
of so expanding itself as to drive out tbe air from any space 
which it fills. Instead, therefore, of that cylinder, in which, in 
common pumps, tbe sucker moves, be takes a metallic vessel, into 
which, by means of a tube, the steam of water, boiling over a 
fire, can ascend ; by another aperture, tbe air contained in the 
vessel (which be calls a receiver) retires before the steam. The, 
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receiver is joined to a globe, on which a glass bell may be placed, 
as in common pumps ; and those three apertures of the receiver, 
by which the steam enters, the air escapes, and the globe is con- 
nected with it, may be closed by valves or cocks. The last of 
them, up to this point, is kept shut. When the steam, ascending 
into- the receiver, has soffleiently expelled the air, the cock by 
which the air had escaped is closed, and the receiver is surround- 
ed with cold water. The Bteam, thus condensed, returns, in the 
form of drops, to the vessel whence it came ; and the cock which, 
when open, had permitted it to rise, being now closed, a vacuum, 
to a great extent, is formed in the receiver. Then the cock by 
which it is joined to the globe, being opened, air will rush into it 
from the bell. This kind of exhaustion may be repeated, till 
there remains under the bell [no more than] a one hundred and 
thirtieth portion of the air, in the machine with which Mr. Wilke 
made his experiment, and which was by no means so perfect as it 
might be made by greater care. Even common air-pnmps, as 
improved by Nollet, rarefy air about 300 times ; (Wiike takes no 
notice of John Smeaton's pump, mentioned in the Philosophical 
Transactions, vol. xlvii. Art. 09, by which air is said to be rare- 
fied 500 or even 1000 times) so that this one, a little better made, 
will easily equal their performance; but its principle is, that it 
will exhaust the air suddenly, not, as the common ones do, by de- 
grees : (Nollet and others showed how a large receiver could be 
first emptied of air, and applied to the bell, so as to let the air - 
from the latter suddenly rush into it.) 'But,' it is added, 'as it 
Deeds fire and water, its use is attended with some incon- 



Dr. Eobison is not quite accurate in saying that the whole of 
the ' Commentarii' are of a date posterior to 1769. The work 
was published in a series of thirty-seven volumes, commencing in 

* ' KoQgl. Vetenskapa AcademieDs HaDdlingar fiip Aor JIGS,' to!, hi. ic, 
t. «., Acta Acad«miffl Reg. So. Suecicie, anni 1789, vol. iii. (Trimeslreprimum,) 
printed in the ' Commenlarii de Rebus in Sdentiil Natnrali et Uedicioil gestis,' 
Tolnininia XTiii para I. LipaiiB, 1772. 
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1752, and ending in 1806; with three volumes of ' Supplementa,' 
1763-96, and three of Indices, 1770-1793. But it ia certain that 
the passage quoted ahove is of a date several years suhseqnent to 
Mf. Watt's invention of the separate condenser ; and the circnm- 
stances through which it happened that Mr. Wilcke was even bo 
early in possession of the idea of an air-pump, such as that de- 
Bcrihed, are, no doubt, very ivell explained by Dr. Eobison. 

Although our readers may probably be of opinion that it does 
not require such notice, we may here advert to a story told in a 
recent Life of Gainsborough the artist,* concerning his brother 
Humphry. 

" We may mention," says Mr. Fulcher, " that his experiments 
upon the steam-engine were far in advance of his time. Indeed, it 
was stated by his family and friends, that Watt owed to him one of 
his great and fundamental improvements, that of condensing the 
steam in a separate vessel. Certain it is, that Mr. Gainsborough 
had constructed a working-model of a steam-engine, to which his 
discoveries were applied, and that a stranger, evidently well ac- 
quainted with mechanics, and supposed to he connected with Watt 
as an engineer, was on a visit at Henley, and called upon him, to 
whom he unsuspectingly showed bis model and explained its nov- 
elties. His relatives have assured the Author that such was the 
fact, and that the circumstance of having thus lost the credit of 
his discovery, made a deep and melancholy impression upon his 
mind. The truth of this statement receives also strong corrobo- 
ration from the remarks of Thicknesse, who says, — ' Mr. Gains- 
borough ' (the painter) ' gave me, after the death of his clergyman 
brother, the model of his steam-engine ; that engine alone would 
have furnished a fortune to all the Gamsboroughs and their de- 
scendants, had not that unsuspicious, good-hearted man, let a 
cunning, designing artist see it, and who surreptitiously carried 
it off in his mind's eye,' Watt obtained his first patent for per- 
forming condensation in a separate vessel from the cylinder, in 
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1769; it was renewed m 1775. Humpliry Gainsborougii died 
in 1770." * 

But, fortunately, Mi. Falclier's story is not original with 
him, nor is a test of its truth now to be applied to it for the firnt 

Jahez Hornblower, who, after having been long employed as a 
Btoker in Messrs. Boulton and Watt's manufactory at Soho, was, 
ia the end of the last century, convicted of gross piracy of Mr. 
Watt's invention, employed a portion of the leisure which fell to 
his lot in the King's Bench Prison, in writing a first edition of 
the same fable, which was published in Gregory's Mechanics. 
Mr. Hornblower, however, with less caution than Mr. Fulcher, did 
not altogether evade the mention of any name or detail to au- 
thenticate his tale ; but appealed, in proof of it, to a conversa- 
tion said to have been held with Mr. Samuel More, the very re- 
spectable Secretary to the Society of Arts. 

Now, in the trial of the cause, Boulton and Watt v. Bull, in 
the Common Pleas, 22nd June, 1793, Mr. More was, it happens, 
examined as a witness. He was asked, "You must have seen 
and known a vast number of machines of various kinds ;-:— Did 
you ever meet with the application of those principles Mr. Watt 
has applied to the fire-engine before you knew Mr. Watt's en- 
gine?" And upon oath he answered, "My situation in life leads 
me to see a vast muny mechanical contrivances, and my inclina- 
tion leads me to look into them. I take it to be the most useful 
engine that has ever been brought forward by the mind of man; 
I have considered it attentively; I do declare I never saw theprin- 
ciples laid down in Mr. Walt's speafimtion eitlier c^lied to the engine 
previous to his taking it up, nor ever read of <my suck thing what- 

If it be true, — although of this we have no proof beyond 
Homblower's assertion, — that Mr. More had inspected Mr. Hum- 
phry Gainsborough's "working-model" to which his precious 

• Fulohw, pp. 18, 19. 
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' Tvere "applied," this only makes his evidence in 
favour of the entire novelty as well as originality of Mr. Watt's 
steam-engine the more conclusive, Mr. Humphry Gainsborough's 
opinion of the valne of his own machine, as compared witii that 
of Watt, appears, no doubt, to have been tolerably good; for 
" Suppose," writes Mr. Boulton to Mr. Watt in 1775, "another 
ingenious man starts up with another new discovery that should 
prove to be seven times better than the common engine, whilst 
ours is only three times, what then becomes of all the fabric we 
have raised, and of the visionary profits 1 And let me tell you 
that there is a great probability of it, for there ia a very ingenious 
man at Henley-upon-Thames, who asserts that he hath made such 
a discovery." The person here alhided to, — who would have been 
very ingenious indeed if the ratio of seven to three in farour of 
bis steam-engine against that of Watt had only proved to be true ! 
— was no doubt Gainsborough; — as in a subseijuent letter, be- 
lieved to have been written in 1776, Mr. Boulton talks of " Tu- 
bal-Cains, or Watts, or Dr. Fansts, or Gainsboroughs, arising 
with serpents like Moses', that devour all others. 
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As we are now arrived at tbat important epoch of Mr. Watt's 
life when he made the first, the greatest, and the most prolific of 
all his mighty inventions connected with the steam-engine, it is 
necessary that we should give some explanation of the state in 
which he foimd that raachirie, as then employed in imperfectly 
draining some collieries and mines in Great Britain, although not 
otherwise made available ia either this or any other country. 
Without a brief historical sketch, such as this renders necessary, 
many of our readers would find it difficult either to follow the 
steps by which Mr. Watt ascended in his successive inventions, to 
understand their importance, or to appreciate their beauty; and 
we venture to believe that it is possible to communicate all that is 
on the present occasion needful to be known on this part of our 
subject, without perplexing our narrative by details either very 
numerous or at all obscure. j^ 

The earliest instance of a machine in which steam was delib- 
erately used to generate motion, is, it seems to be generally ad- 
mitted, the .ffiolipile, — jEoli-pila, or hall of .^olus, — such as is 
delineated and described by Hero of Alexandria, in his Pueu- 
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matica, or Spmtalia,* about 120 b. c. This reolipile was a hol- 
low ball of metal, mtseable on external axes working in sockets, 
and fitted iMtli one oi more tubes issuing from it borizontally, 
closed at tbeir endb, but with an opening in their sides. This 
ball bemg partially filled ^Mth water, and placed over a fire, the 
re-action of the steam, rushmg with yiolence from those openings, 
caused it to revolve with more or less rapidity, according to the 
force of steam employed. The machine has been constructed of 
several forms, and has often served purposes of ingenious amuse- 
ment. In point of practical utility, it is recommended by Branca, 
in his work entitled 'Le Machine,' published at Eome in 1629, 
to be used to produce a rotatory motion, by acting on the pinions 
of a wheel. It has also been employed instead of bellows, direct- 
ing a strong current of steam on the fire, in place of a blast of air. 
But the most singular details as to an instrument of this sort 
with which we have met, are given in the following passage, taken 
from Plot's Sta.ffordshire : — "Yet there are many old customs in 
use within memory, «f whose originals I could find no tolerable 
account, that possibly might commence as high as these times ; 
such as the service due from the Lord of Essington in this county 
[Staflbrd] to the Lord of Hilton, about a mile distant, viz., that 
the Lord of the manor of Essington shall bring a goose every 
New-year's-day, and drive it round the fire in the hall at Hilton, 
at least three times, (which he is bound to doe as mean lord,) 
whil'st Jadi of Jlilton is blowing the fire. Now, Jack of Ililiari 
is a hollow little image of brass of about 12 inches hii^h, kneel 
ing upon his left knee, and holding his right 1 1 p h h d 
* * * having a little hole in the place f th m tl bo t 
the h%ness of a great pin's head, and anoth t! b k b t 

I ^ o£ an inch diameter, at which last hole it hll d tl w t 
' it holding about 4 pints and J, which, whe if t fi 

evaporates after the same manner as in an leolipde, and vents it- 
self at the smaller hole at the mouth in a constant blast, blowing 
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the fire so strongly that it is very audible, and makes a sensiLle 
impreBsion in that part of the fire where the hlast lights, as I 
found by experience. May the 26th, 1680." * 

William of Malmeebury describes as bemg preserved in the 
Cathedral of Eheims, among other proofs of the mechanical skill 
of Gerbert, (afterwards Pope Sylvester IL, who died A. r>. 1003,) 
a hydraulic organ, blown " by the violence of boiling water." f 

Baptista Porta, a Neapolitan gentleman who devoted his Hfe 
to researches in chemistry and natural philosophy, in which he 
displayed remarkable ingenuity, and distinguisked himself by 
inventing the magic lantern, has left us an account, in a work 
published in 1601, J of some ourious eKperiraents on the power 
of steam, on its condensation, and on its relative bulk as com- 
pared with water. In one ot them, a*acuumisdiatinctly formed 
by condensation, and water is forcpd up into it by the presbare 
of the atmofiphere; and although this appears, both from his 
description, and from the rude wood cut which accomj aniLS it, to 
have been performed on the Bcale not of »ny large engine for 
raising water, but only of a small philosophical apparatus, still the 
novel principle is there clearly pointed out, and ma le a\ iilable to 
any of his readers. In another expenment, a retort has its neck 
inserted in a cistern which is nearly filled w ith water , the water in 
the retort is then made to boil, and the steam, pre^smg on tho 
water in the cistern, forces it up through a tube fixed in its lid 

David Eivault, Seigneur de Flurance, near Livtl, in France, 
in a treatise on the Elements of Artillery, which he published m 
1605, and of which a second edition containing an addititnal 
fourth book, appeared in 1608, desi,nbes the power of steim in 

• 

• Nat. Bisl. of Staffordshire, by Eoiiert Plot LL D p -133 edit Oxford 
1686. At plate miii. of that work there la an engraTed likeness of Jacl to ^ 
which we refer those of our readers who are cunoua in au h matte -a 

t Willielni, Malmeahur. de gestis Rcgum Aaglorum, Lib. ii. ; inter Ber. An- ' 
~ glic. Script, ed. Lond. Iii96, fal. £6, v^sOi 

i Pneiivnaiicorum libri trea : cam duobua curvilineorum clcmcntormn (print- 
ed at Naples), 4to. It was translated into Italian, and publiahed, also at Na- 
ptea, with the title, * I tra libri de' 'Spiritali,' 1608, 4io. 
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bursting a strong bomb- shell, partly filled with water, then 
tightly plugged, and set on a fire. Bat here, with a power of 
very great destructiveness, there is evidently a total want of any 
means of moderating, or almost of estimating, that dangerous force. 

The contrivance described and figured by Solomon De Caua 
is as foDows; — Take a strong hollow copper globe, with a cocfc 
near the top to admit water, and through the middle of the top 
a pipe fixed, with its lower end reaching nearly to the bottom of 
the globe, without quite touching it ; fill the globe with water 
through the cock, close it firmly, (the pipe, however, remaining 
open,) and put it on the fire ; then the heat, acting upon the 
globe, will make all the water ascend tlirough the pipe. 

The name next in the series of early " students of steam," 
is that of Edward, second Marquis of Worcester! ii whose 
'Century of Inventiuns,' first pnblislied in 16G3, occur the fol- 
lowing curious articles : — 

" 68. An admirable and most forcible way to drive up water 
by fire, not by drawing or sucking it upwards, for that must be, 
as the philosopher calleth it, Intra spJiaeram actmtatw, which is 
but at such a distance. But this way hath no bounder, if the 
vessels be strong enough ; for I have taken a piece of a whole 
cannon, whereof the end was burst, and filled it three-quarters 
fuU-of water. Stopping and ecruing up the broken end, as also the 
touchhole, and making a constant fire under it, within 2i hours it 
bnrst and made a great crack. So that having a way to make my 
vessels, so that they are strengtheced by the force within them, 
and the one to fill after the other, I have seen the water run like 
a constant fount aiiie-stream forty foot high ; one vessel of water 
rarified by fire driveth up forty of cold water. And a man that 
tends the work Is but to turn two cofks, that one vessel of iv^ter 
' being consumed, another begins to force and re-fill with cold 
water, and &o successively, the fire being tended and kept con- 
stant, which the selfsame person may likewise abundantly per- 
form in the interim between the necessity of turning the said 
cocks." 
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" 98. All engine so contrived, that working tte primum 
mobile forward or backward, upward or downward, circularly or 
corner-wise, to and fro, streigtt, upright or downright, yet tlie 
pretended operation continueth, and advanceth none of the mo- 
tions above-mentioned, hindering, much less stopping the other ; 
but unanimously and witli harmony agreeing, they all augment 
and contribute strength unto the intended work and operation : 
and therefore I call this a semi-omnipotent engine, and do intend 
that a model thereof he buried with me. 

" 99. How to make one pound weight to raise an hundred 
as high as one pound falieth, and yet the hundred pound 
descending doth what nothing less than one hundred pound can 
effect. 

"100. Upon so potent a help as these two last-mentioned 
inventions, a waterwork is by many years' experience and labour 
so advantageously by me contrived, that a child's force bringeth 
up an hundred foot high an incredible iiuantity of witer, even 
two foot diameter, so naturally, that t!ie work will not be heard 
even into the next room , and with so great case and geometrical 
symmetry, that though it vork day and niglit from one end of 
the year to the other, it will not require forty shillings reparation 
to the i\hole engine nor hinder ones day-work And I may 
\kMIj C3l\ it the inoit itwpendious iioii. m the whole world ;jiot 
onely with little charge to drein all sorts ot mmes, and furnish 
cities with water, though never so high seated, as well to keep 
■ them sweet, running through several streets, and so performing 
the work of SL.avinger'-, as well as furnishing the inhabitants with 
sufficient w ater for their private occasions, but likewise supplying 
rivers with suffiiietffi to maintame md make them portibie from 
towne to towne, and tor the bettering of lands all the way it 
runs; with many more advantageous, and yet greater effects of 
profit, admiration, and consequence So that deservedly I deem 
this iinention to crown my lahourB, to reward mj espences, ' 
and make mj thoughts acquiesce in \iay of further inventions." 

In these extracts are contained the principal reasons for pos- 
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terity supposing the Marquis to have been acquainted with the 
power of steam, and able to apply it to Bome useful purpose. 

All of these articles, of which the 'Century' ia made up, 
wanted only one condition to be complied with by their aathor, 
to satisfy ike world that they were not mere idle dreams, or im- 
pudent boasts. But that condition is certainly an important one ; 
viz. that Ld shoidd have executed all, or at least some of the more 
important of the various machines which he thus describes. And 
on this point, in the case of the Marquis, there is unfortunately 
considerable room for doubt. 

Still it is but just towards his memory to mention some cir- 
cumstances, wiiich, at least in so far aa the " water-commanding 
engine " ia concerned, seem to afford grounds for supposing that, 
whatever might be the true nature of the power by which it 
acted, or of tbe effects ■whicb it was able to produce, such an 
engine was .actually constructed and was set to work' 

On the 3rd of April, 16fi3,— -the same year in which, as 
already stated, appeared the ' Century of Inventions,' — a Bill 
was brought into Parliament " to enable Edward Marquess of 
Worcester to receive tlie benefit and profit of a water-commanding 
engine by him invented ; one-tenth part whereof is appropriated 
for the benefit of the King's Majesty, bis heirs and successors," 
during a term of ninety-nine years ; and this Bill was passed 
into an Act on the 12th of May following, not without formal, 
and apparently careful deliberation ; though we still are unin- 
formed as to how far evidence may have been called for, before 
either of the Conunittees, as to the reality and the specific par- 
ticulars of the invention afSrmed to have been made. Besides 
the passing of the Act, and the publication of the ' Century,' the 
principal circumstances that seem to show that the Marquis did 
more than merely imagine the construction of such an engine, 
are the following : — 

(1.) It is expressly provided in the Act, " that a model 
thereof [i. e. of the engine^ be delivered by the said Marquess 
or his assigns, to tbe Tiord Treasurer or Commissioners for the 
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Treasury for the time being, at or before the nine-and-twentieth 
day of September, one thouBand six hundred and sixty-three, aad 
be by faim or them put into the Exchec[uer and kept there." 
Unfortunately, we are not in a condition to prove that this model 
was ever so deposited. The Act was passed prior to the publica- 
tion of the ' Century,' for in the Dedication prefixed to the latter, 
" To the Eight Honourable the Lords Spiritual and Temporal, 
and to the Knights, Citizens, and Burgesses of the Honourable 
House of Commons, now assembled in Parliament," the Marquis 
speaks of "the Act of the Water-commanding Engine (which so 
chearfully you have past.") Yet in the whole course of the work 
he does not say either that the model had been deposited as 
directed, or tliat the engine was in course of construction on a 
great scale ; although he does speak very confidently of the great 
feats he intended to perform, with the help of one " Caspar 
Kaltoff's hand," an "unparalleled workman both for trust and 
skill, who hath been these five-and-thirty years as in a school 
under me imployed, and still at my disposal, in a place by my 
great expences niade fit for publick service ; " expenses which he 
afterwards estimates at 10,000^, His expectations of realising a ■ 
fortune by his engine were evidently exuberant ; and with a 
heroic boldness not unworthy of the rest of his character and pro- 
ceedings, he professes his design of first paying his debts, next 
of settling a competency to himself to live according to his birth 
and quality, and lastly, of dedicating the rest to the service of 
his king and country ; who, however, fared little the better for 
that " bright reversion ! " 

(2.) In a letter to the Marchioness of Worcester from her 
confessor, dated 1670, which was three years after the death 
of her lord, the writer remonstrates with her ladyship for allow- 
ing her thoughts to be too much set " on the title of Plantagenet, 
and of disposing yourself for that greate dignity by getting . 
of greate sums of money from the King to pay your deceased 
lord's debts, and enriching your selfe by the great machine and 
the like." I 
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Along with this letter may be taken another stiil more curious 
document, jireserved, like it, by the Beaufort family, and pub- 
lished in 1825 in Mr. Partington's edition of the ' Century of 
Inventions;' it is entitled, "r,Se Lord Marquesse of WbrcesUr's 
ejaculatory and extemporary thanisgiving Prayer, when, first jvilk 
his corporal ei/es he did see finished a perfect trixl of his W<der-com- 
maitdiiig Engine, delightful and vseful to wlwmsoeeer hath in 
recotniiiendatioH either hnomUdge, profit, or pleasure." 

(3.) In one or two copies of the first edition of the 'Century,' 
there occurs, as a s*t of Appendix, a description of " a Btnpen- 
dious Water-commanding Engine," introduced by a preface, and 
concluding with a Latin eulogium and English panegyric, " com- 
posed, through duty and gratitude, by an ancient servant of his 
Lordship, (James Eollock,) who hath, for 40 years been an eye- 
witness of his great ingenuity, indefatigable pains, and vast 
expenses in, perfecting, for public service, not only this most 
stupendious Water-commanding Engine, but likewise several 
other rare, nseful, and never formerly heard of mathematical 
conclusions," Ac, Ac, the expressions in the third stanz* of 
which are wonderfully descriptive of the powerful action of steam 
in raising water, as well as of its condensation when its work is 
done. 

" Here little David curbs the Gyant's brood, 
Small drops of Rain conlend with Mak't flood ; 
One weighs a, thousand coming down apace. 
Weighs but himself when he hath run his race." 

(4.) In the translation of the Travels in England of Cosmo 
de Medicis, Grand Duke of Tuscany, published in 1821, it is 
stated that " on the 28th May, 1699, bis Highness saw at Vaux- 
, hall an hydraulic machine, invented by my Lord Somerset, Mar- 
quess of Worcester. It raises water more than forty geometrical 
feet, by the power of one man only; and in a very short space 
of time will draw up four vessels of water, through a tube or 
channel not more than a span in width." 

So hard is it to discover, from such accounts, the true state 
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of the case, that on the question of Lord Worcester's execution 
of any steam-engine, there has always prevailed great diversity 
of "opinion. Nay, we even find one author of very considerable 
ingenuity, and of extensive though not always accurate research, 
in one of his works thinking it clear, for various reasons which 
he assigns, that this hydraulic machine must have been some 
species of steam-engine; and, probaUy, the identical "most 
stnpendious Water-commanding Engine:"* while in another work, 
published not long before, he had said that the " ' Century of 
Inventions' is called by Walpole, with mtie/i truth, an amazing 
piece of folly," andhad unmercifully ridiculed "the overwhelming 
quackery of the Marquis of Worcester, and the absurd extrava- 
gance of his pretensions. "t 

We must not omit the tradition which attributes the origin 
of the steam-ideas of the Marquis to the period of his imprison- 
ment in the Tower of London, His captivity there, which was 
of several years' duration, hegan in 1665, when he was arrested 
while on a mission from Charles II., who was residing at the 
Court of Prance. It is said that the Marquis, " in those deep 
solitudes and awful cells," one day observed the lid of the pot 
in which his dinner was cooking suddenly rise, forced up by the 
vapour of the water which the fire had heated ; or, io other 
words, by steam. " Then it occurred to him that the same force 
which had lifted the lid might become, in certain circumstances, 
a useful and convenient moving power;" and hence — so runs 
the story — arose the 'Century of Inventions,' with its steam-en- 
^e all ready>made and acting ; — at least in the mind of its 
contriver I 

• Historical and Deseriptive Anecdotes of Steam-engines, bj Robert Stuert. 
London, 1823, vol. i. 

f Descriptive History of the Steaio-eDgine, by Bobert Stuarl^ London, 1824. ' 
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one and of the other respectively. 

Ib the national competition as to those two ingenious pro- 
jectors, De Cans had clearly the priority in point of time, by a 
whole half-century. But then he is not even alleged ever to have 
applied his hollow ball and tube, or, — to dignify them by a name 

. which they could hardly claim, — his boiler and steam-pipe, to 
any purpose of utility ; and in all probability he never either 
executed them on a great scale, or attempted to regulate the 
force which on a small scale he may have been able so to exert. 
The engine devised by Lord Worcester, on the other hand, if wo 
are to believe the concurrent testimony of his own description 
and prayer, — of the correspondence between his widow and her 
confessor, — of the panegyric of his servant Eollock, and of the 

. account given by Duke Cosmo de Medicis and his Secretary 

I Magalotti, — would appear to have been at last executed on a scale 
large enough to produce very considerable hydraulic effects ; and, 

I although we must probably ever remain ignorant of the precise 
manner in which it acted, still there is no doubt that the language 
used by all parties in regard to it could best be explained by 
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supposing that steam, in some one or more of ita manifold ways 
of operation, was its moving power. 

Considering the uselessncss of the contrivance of De Caus, 
and the douhtfulness existing as to that of the Marqnis, it in, 
indeed, only surprising that " the invention of the steam-engine " 
should have lieen attributed, to either of them, with such confi- 
dence as both French andj English "writers have alternately 
shown. 

In a work entitled ' A Sumioer amongst the Socages and the 
Vines,' published in 1840, by Miss Louisa Stuart .Costello, a 
lady favourably known to the world by several of her writings, 
appears the following letter, which she states, without hinting a 
suspicion of the truth of the statement, to have been written 
by Marion de I'Orme, in 1641, to M. de Cinq Mars. 
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blue eyes, which seem to pierce to the very centre of their thoughts. 
He is remarkable for never being satisfied with any explanations 
which are given him ; and he never sees things in the light in 
which they are shown him.: you may judge of this by a visit '; 
we made together to Bicetre, where he imagined he had discov- \ 
cred a genius ia a madman." '.' 

" If this madman had not been actually raving, I verily be- i 
lieve your Marquis wonld have entreated his liberty, and liave ■ 
carried him off to London, in order to hear his extravagances, i 
from morning till night, at his ease. We were crossing the court li 
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of the mad-house, and I, more dead than alive with fright, kept 
dose to my companion's aide, when a frightful face appeared 
behind some immense bars, and a hoarse voice exclaimed, ' I am 
not mad ! I am cot mad ! I have made a discovery which would 
enrich the country that adopted it.' ' What has he discovered ? ' 
1 asked of our guide. ' Oh,' he answered, shrugging his shoul- 
ders, ' something trifling enough ; you would never guess it ; it 
is theuseof thoBteamofboilingwater.' I hegan to laugh. 'This 
man,' continued the keeper, ' is named Salomon de Caus ; he came 
from Normandy, four years ago, to present to the King a state- 
ment of the wonderful effects that might be produced from hia 
invention. To listen to hira, you would imagine that with steam 
you could navigate ships, move carriages, in fact, there is no end 
to the miracles which, he insists upon it, could be performed. 
The Cardinal gent the madman away without listening to him. 
Salomon de Caus, far from being discouraged, followed the Car- 
dinal wherever he went, with tiie most determined perseverance ; 
who, tired of finding him for ever in his path, and annoyed to 
death with his folly, ordered him to be shut up in BicStre, where 
he has now been for three years and a hai^ and where, ae you 
hear, he calls out to every visitor, that he is not mad, but that he 
has made a valuable discovery. He has even written a book on 
the subject, which I have here.'* 

" Lord Worcester, who had listened to this account with much 
interest, after reflecting a time, asked for the book, of which, after 
having read several pages, he said, ' This man is not mad. In 
my country, instead of shutting him up, he would have been re- 
warded. Take mo to hira, for I should like to ask him some 
questions.' He was accordingly conducted to his cell, but after a 
time he came back sad and thoughtful. 'He is, indeed, mad 
now,' said he ; ' misfortune and captivity have alienated his 
reason ; hut it is you who have to answer for his madness : when 
you cast him into that cell, you confined the greatest genius of 

• Here Miss CratcUo, in o. note, adda the tiHo of Be Ctus; bp,.k. 
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the age.' After this, we went away, and, since that time, he has 
done nothing but talk of Salomon de Cans. 

" Adieu, my dear friend and faithful Henry. Make haste 
and come back, and pray do not be so happy where you are as 
not to keep a little love for me. 

"Mamon Delorme." 

To us, we confess, it always appeared that this letter smacked 
very strongly of having been concocted in the nineteenth century ; 
and we now beg to inform those of our readers who might at 
first have been disposed to think differently, that it is, throughout, 
an attenlpt at an impudent and fraudulent imposture. So far from 
" your English lord, the Marquis of Worcester," having then 
been in Paris, there was not, and there never had been, at the 
date of the letter in question, either in France or in England, 
any such person as a Marquis of Worcester at all, nor was there 
any such title as that Marqnisate in existence ! Further, the 
first peer who bore that title was not the Marquis of Worcester 
of steam-engine fame; and the latter did not become either 
Earl or Marquis of Worcester for years after the date of the 
alleged interview with De Caus. 

Henry, fifth Earl of Worcester, was not created a Marquis 
till 1642, when his son Edward, the author of the ' Century of 
Inventions,' was known as Lord Herbert. Edward, Lord Her- 
bert^ was created Earl of Glamorgan in 1645 ; and on the death 
of his father, the first Marquis who died at the venerable ■!"« of 
eighty-five year*!, he succeeded to the Earldom and Marquisite 
of Worcester 

The few years before and after the middle of the seventeenth 
century form i most brilliant era m the history if distjienes in 
natural philiMophy, and, qmte mdepcndtnt of the hydraulic 
machine invented by the Marquis of 'Worcester, some great 
advances were made at that time, bj philosophers nho'e names 
have not usuillv been associated with the steam engine towards 
(be fight explanation tf rnniiples upon ■which its action was. ul 
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first to depend, as well as towards the construction of the 
apparatus 

Oilileo, m 1040-41, surmised the true nature of a vacuum, 
anl of the pressure of the atmosphere. His pupil Torricelli, 
pursuing the subject after the death of Galileo, invented the ba- 
lometer, and proved the theory in 1G43. Pascal, hearing of it, as 
he S3i}f, at Rouen, published, in 1047, his 'Nouvelles Experiences 
touchant le Vuide,' confirming the deductions of the Italian phi- 
losophers, and he caused to be made, in 1048, the raeiaoraHeex- 
perunent of the Puy de DOme, thereby establishing the variation 
m the pressure of the atmosphere at different heights, which 
Descartes h%d before conjectured. 

Otto de Guericke had in the meantime applied himself to the 
same subject, and invented an air-pump, the effects of which he 
exhibited to the assembled German Princes at the Diet of Eatis- 
bon in 1054. An account of this was published by Gaspar 
Schottus, first in his book ' De Arte Mechanic^ Hydraulicopneu- 
matica,' in 1057, to which it forms an appendix ; and afterwards, 
with several additions, as Guericke has informed us, in his ' Tech- 
nica Curiosa,' Norimb. 1604, 4to, Kobert Boyle passed some 
time at Florence in 1642, in which year Galileo died at a neigh- 
bouring village; he published, in 1060, 'New Experiments upon 
the Spring of Air,' and described therein an air-pump he had' 
invented two or three years before, and which had been improved 
by Hooke. The experiments of the Accademia del Cimento, 
which are very full upon this subject, were published at Florence 
in 1000. Otto Guericke did not himself publish until a later pe- 
riod i for although he states in the preface to his work entitled 
'Experimenta Nova Magdeburgica de Vacuo Spatio,' that it was 
completed on the Hth of March, 1663, yet he adds that, partly 
in consequence of illness, and partly from other occupations, a 
delay of seven years occurred in placing it before the world. It 
was at last published at Amsterdam in 1672, and its appearance 
then seems to have been in part owing to the exertions of certain 
illustrious friends of its author. Looking at chapters 27 and 28 
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of book n-, and at the iconiemi numbered sxv. and xv., where 
Gaericke describes and delineates a cylinder witk ^padxd piston 
and rod, and states his mode of forming a vacuum, by extracting 
the air under the piston by means of his air-pump, and thus pro- 
ducing a power for raising weights by the pressure of the atmos- 
phere, we observe a great simdarity to lite apparatus in which 
Papin, several years later, when residing at Marburg, formed his 
vacuum by the condensation of steam. 

The notion of the esiKtence of such a thing as a vacuum, — 
which the old doctrine bad taught that " Nature abhorred," — and 
the right explanation of its true nature; the construction and use 
of the air-pump; the cylinder with its piston-rod, and piston 
packed so as to be air-tight although moveable in the cylinder, 
and with its upper surface exposed, so that the air should act on 
it as a power, when the close cylinder beneatli was exhausted ; are 
all so many distinct steps towards the formation of the atmos- 
pheric steam-engine of last century ; which, under the hand of 
Watt, cast off altogether its dependence on the atmosphere, and 
for the first time became in every sense a true steam-engine ; de- 
riving its vacuum from the condensation of steam on one side of 
the piston, and its power from the impulse of steam on the other, 
and vice versa, according as the stroke made is downwards, and 
upwards, in uninterrupted succession. 
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We come now to tho Memoir in wliicli Denys, or Dionysius Pa- 
pin, in the year 1690, availing Limself of the apparatus of 
Guerieke, and of the true ideas as to a vacuum and the pressure 
of the atmosphere, of which we have just teen speaking, set forth 
another important fact which he had observed. This was, that if 
a close cylinder were filled with steam, and the steam were then 
allowed to condense, a vacuum would be formed within the cylin- 
der ; and that, consequently, a moveable piston, fitted to the in- 
terior of the cylinder, would then fall, under the pressure of the 
atmosphere ; just as it did in Otto Guericke's experiment, where 
the vacuum had been formed hy the air-puiup. 

Papin mentions, in tho outset of his Memoir, that be bad 
applied steam to that purpose, in consequence of the failure 
of a previous attempt he had made to obtain a vacuum by the 
explosion of gunpowder, in the same cylinder, beneati the piston ; 
the explosion always leaving tho vacuum imperfect, on account, 
as he supposed, of a portion of the air which remained, or, as we 
should now say, of the gases which were the products of the com- 
bustion. But he proposed to cany out his ingenious idea of 
forming the vacuum by condensation, by the clumsy, tedious, and 
unprofitable expedient of removing the fire from beneath the cyl- 
inder, previous to each stroke or descent of the piston. 

To practice, Papin seems never to have attempted to apply it^ 
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notwithstanding the sug^gestions to ttat effect contained in his 
Memoir ; and we also find that on the appeariince of a better in- 
vention for condensing the steam, eight ye its afterwards, Papia 
abandoned his own scheme, and betook himself to the construc- 
tion of an engine, (whiih, howeper, turned out not to be a good 
one,) in which he made use of tlie new plan 

The best methods of applying the power to tliose various me- 
chanical processes, which both Papm and his great advocate M. 
Arago have treated as dafhi,ulties of a very secondary kind, have 
in reality proved far othenvisc, theyha^e ejLcrcised the ingenu- 
ity of the most eminent engineers for upwards of a century and 
a half; and without their solution no mechanic il power, however 
great, could be deemed of very mui-h use to the woild. 

We reprint at full length a translation of the paper published ', 

by Papin in the "Acta Eruditornm Lipsiie," for 1690, in which • 
we have endeavoured to convey very literally the sense of the 
original ; together with a fac-simile engraving on wood of the 
figure, with letters of reference, by which the paper in the Leip- 
zig Transactions ia accompanied. On this paper, Papin's claims 
to be considered one of the early inventors of the steam-engine, 
so eagerly urged by hia countrymen, principally depend; and it 
is, at all events, an interesting record of very considerable inge- ) ) 
nuity on his part. ' 

"A New Method or Obtaininc[ very Great Moving Powers 
AT Small Cost. Br Denys Papyn.* 

"In the machine for a new use of gunpowder, which is described j 

in the ' Acta Eruditornm' for the month of September, 1688, the i| 

first desideratum was, that the gunpowder fired in the bottom of \ 
the tube A A should fill the whole cavity with flame, so that the 

ail might be entirely expelled from it, and the tube remain a per- ) 

* Translated from the " Acta Eruiiitorum 
Tbe paper ia also repriated in the origiaal Latin, 
tlie Mectiamcal Inrentiona of James Watt," IBSj 
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feet vacuam beneath the piston B B. But there it was mentioned 
that the desired effect coold not be sufficiently attain ed j but that, 
notwithstanding ail the precautions there specified, there always 
remained in the tube about a fiftii part of the air usually con- 
tained in it. Whence a two-fold inconvenience arises: viz. 1st, 
that in this way we lose half of the desired effect, so that scarcely 
can 150 lbs. weight he raised, to the height of one foot, wlicn 
otherwise 300 lbs. ought to have been raised, if the tube A Ahad 
been perfectly emptied ; and 2ndly, that as the piston gradually 
descends, the force which malces it descend is itself diminished, 
as was also observed in the passage already referred to. Thus we 
have to provide, by some contrivance, that, as the moving force 
decreases, the resistance may in like manner decrease, so that it 
may be overcome by the aforesaid moving force until the end; 
just as in watches the unequal force of the main-spring, which 
moves the whole machine, is so regulated by art, that through the 
whole of its running down it overcomes the resistance of the 
wheels with equal ease. But it would be far more convenient if 
the moving force were to remain always the same, from the be- 
ginning to the end. Some attempts have, therefore, already been 
made to ascertain how a perfect vacuum could be obtained by the 
help of gunpowder ; for in this way, were there no air to offer re- 
sistance beneath the piston, the whole column of the atmosphere 
pressing upon the said piston would press it with an equable force 
down to the bottom. But hitherto such attempts have been in 
vain, and always, after the flame of the gunpowder is extin- 
guished, about a fifth part of the air remains in the tube A A. 

" By another way, therefore, I endeavoured to attain the same 
end; and, since it is a property of water that a small quantity of 
it, converted into steaip by the force of heat, has an elastic force 
like that of the air, but, when cold supervenes, is again resolved 
into water, so that no trace of the said elastic force remains ; I 
felt confident that machines might be constructed, wherein water, 
by means of no very intense heat, and at small cost, might pro- 
duce that perfect vacuum which had failed to be obtained by aid 
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of gunpowder. But of the various constructions which can be 
contrived for this purpose, the following seemed to me to be the 
taost suitahle. 

"A A is atuhe of uniform diameter throughout, dose shut at 
the bottom ; B B is a piston fitted to the tube ; D D a handle 
fixed to the piston ; E E an iron rod moveable round an asis in 
F ; G a spring, pressing the cross rod E E, so that the said rod 
must be forced into the groove E as soon as the piston with the 
handle has arrived at such a height as that the said groove H ap- 
pears above the lid 1 1 ; L is a little hole in the piston, through 
which the air can escape from the bottom of the tube A A, when 
first the piston is forced into it. The use of this instrument is as 
follows : — A small quantity of water is poftred into the tube A A, 
to the depth of 3 or 4 lines ; then the piston is inserted, and 
forced down to the bottom, tOl a portion of the water previously 
poured in comes through the hole L ; then the said hole is closed 
by the rod M M. Hext the lid 1 1, pierced with the apertures re- 
quisite for that purpose, is put on, and a moderate fire being ap- 
plied, the tube A A soon grows warm, (bemg made of thin metal,) 
and the water within if^ bemg turned iufn eteam, eserts a pres- 
eore so powerful as to overcome the weight of the atmosphere aud 
force up the piston B B, till the groove H of the handle D D ap- 
pears above the lid I I, and the rod E E is forced, with some 
noise, into the said groove by the spring G. Then forthwith the 
fire is to be removed, and the steam in the thin metal tube is soon 
resolved into water, and leaves the tube entirely void of air 
Next, the rod E E being turned round so far as to come out of 
the groove H, and aUow the handle D D to descend, the piston B 
B is forthwith pressed down by the whole weight of the atmos- 
phere, and caases the intended movement i which is of an energy 
great in proportion to the size of the tube. Nor is it to be doubted 
that the whole weight of the atmosphere exerts its force in tubes 
so constructed; for I have established by experiment that a pis- 
ton, raised to the top of the tube by the force of heat, shortly 
afterwards descends again to the bottom, and so on alternately 
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for a iniml)er of tiihes, so that no suspicion can arise of air press- 
ing beneath. Now my tuhe, the diameter of which does not ex- 
ceed 2^ inches, yet raises sixty Ihs. aloft with the same velocity 
as the piston is forced down into the tube, and the tube itself 
scarcely weighs five ounces. 

" I therefore have little doubt but that tubes may be manu- 
factured, the weight of each of which would scarcely amount to 
40 lbs., and yet which could raise, at each operation, tno thou- 
sand lbs. to a height of four feet. Moreover, I ascertamed that 
one minute's time is aufflcient for a moderate flie to drive the pis- 
ton in my tube up to the top ; but, as the fire otight to be propor- 
tionate to the size of the tubes, large tubes could be heated almost 
as soon as small ones : whence it is clear what vast moving pow- 
ers may be obtained by h Ip f th' m t 'mpl t ' 1 
at how small a cost. F t k thtth Imf 
pressing on a tube wh <lmt ft tbl 
nearly two thousand lbs btfthlmtebt ftth 
weight would he nearly ght th d lb I th t tl 
dimensions, the pressure ea Ik m th t pi t 
ratio of the diameters. H t 1 II th t th fi m g t 
whose diameter scarcely It f t m ht ufli t 
8000 lbs. each minute t hhtfiftftbt. [o- 
vided of such a height ;f firmhtbmlm tf 
thin iron, to be easily mdfm tbt th dt! 
same fire might continu Uy b p j. g th t m t fli 
vacuum in one tube or another. 

" If any one now will consider tie magnitude of tlie forces to 
be obtained in this way, and the trifling expense at which a suf- 
ficient quantity of fuel can be procured, be will certainly admit 
that this iny nfethod is far preferable to the use of gunpowder 
above spoken of, especially as in this way a perfect vacuum is ob- 
tained, and so the inconveniences above recounted are avoided. 

" In what manner that power can be applied to draw water 
or ore from mines, to discharge iron bullets to a great distance, to 
propel ships against the wind, and to a multitude of other simi- 
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Jar purposes, it would be too long here to detail , but each indi- 
vidual, according to the particular occasion, must select the con- 
struction of machiaery appropriate to his purpose Here, how- 
ever, I will in passing lemark how greatly such a power is to be 
preferred to common rowers fur moMng -vessels mthesea; for, 
1st, the weight of the eoramon roweis loads the vessel, andre- 
tards its progress ; 2ndly, they require much room, and so are a 
great hindrance in the ship ; Sdly, it is not always possible to find 
the requisite Dumber of men ; 4thly and lastly, the rowers, 
whether they are toiling on the deep, or resting in harbour, must 
always be supplied with needful food, whereby the expenses are 
greatly increased. But my tubes would, as has been already ob- 
served, have a very smal! weight to retard the ship ; would also 
take up little room ; might also be readily prepared in sufficient 
numbers, if once a manufactory were built and fitted up for tliat 
purpose ; and, lastly, no fuel would be consumed for the said 
tubes, excepting at the time of the operation ; while in harbour 
they would require no expenditure. 

"Bat since common oars could not easily be moved by such 
tubes, paddle-wheels would have to be employed, such as I re- 
member having seen in a machine constructed at London by com- 
mand of the Most Serene Eupert Prince Palatine, which was put 
in motion by horses, by aid of oars of that sort, and which left a 
long way behind it the Eoyal barge manned by sixteen rowers. 
So, no doubt, oars fixed into an axis could be most coaveniently 
driven round by my tubes, by having the rods of the pistons fitted 
with teeth, which would force round small wheels, toothed in like 
manner, fastened to the axis of the paddles. It would only ha 
requisite that three or four tubes should be applied to the same 
axis, by which means its motion could be continued without in- 
terruption ; for, while any one piston might be touching the bot- 
tom of its tube, so that it could drive the axis round no further, 
before being again propelled by the force of the steam to the top 
of the tube, the boUof another piston could immediately be re- 
moved, the force of which in its descent would continue the 
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motion of the axis ; and so, again, yet aaother piston could be 
lowered, and exert its force on the same axis, while the pistons 
first pressed down were again heing raised to the top hy the force 
■ of heat, and so were gaining new force to move the said axis, in 
the manner above described. But one grate, containing a mod- 
erate fire, would he sufficient to raise al! of those pistons in suc- 
cession. 

"Perhaps, however, some one may object that the teeth of the 
piston-rods, fitting into the teeth of the wiieela, must in their as- 
cent and descent communicate opposite movements to my axis ; 
and that so the ascending pistons would hinder the movement of 
the descending ones, and the descending pistons would hinder 
that of the ascending ones. But this objection is a very trifling 
one ! for machine-makers are well acquainted with a method 
whereby toothed wheels are so fixed to an axis that, when moved 
round in one direction, they carry the axis round with theia, but 
when going round in the other direction they communicate no 
movement to the same axis, hut allow it to be very freely turned 
round with an opposite movement. The principal difficulty, 
therefore, consists in finding the manufactory for easily making 
very large tubes, as I have more fully stated in the Ada Erudito- 
rumfor September, 1688. And for preparing that, this new ma- 
chine ought to supply no small additional inducement ; inasmuch 
as it very clearly shows that such very large tubes can he most 
advantageously employed for several important purposes." 
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In the contrivance wMch hag thus made the name of Papin, to 
Bay the least, quite as famous as it deserves, the vessel in which 
the steam was tecliously generated, and then allowed slowly to 
condense, was at once hoiler and cylinder ; and, so long as it con- 
tinued to flilfil alternately the functions of both of those vessels, 
it was necessarily unfit to do any really effective work. In order 
to the accomplishment of that desideratum, it was essential that 
the steam should, on the one hand, he steadily, continuously, and 
ahundantly produced, and, on the other, that it should from time 
to time he condensed with at least tolerable rapidity. The honour 
of making this great step in advance, — tlie first that in fact led 
to the attainment of any really useful results from the employ- 
ment of steam as a motive power of machinery, and which, 
therefore, it seems impossible too highly to commend, — ^belongs 
entirely to an Englishman, Captain Thomas Savery. Of his lifs 
and private history but little appears to be known 

But of Ms steam-engine Savery has luckily left us a very par- 
ticular description, in a work entitled ' The Miner's Friend, or 
an Engine to raise Water by Fire described, and the Manner of 
fixing it in Mines, with an Account of the several other uses it is 
applicable unto ; and an Answer to the objections made against 
it By Tho. Savery, Gent. Pigri est ingenii coiitentum essg his 
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quae ab alas inventa sunt. Seneca. London, printed by S. Crouch 
at the coiner of Pope's-head AUey in CornMlI. 1702.' The 
edition from which we copy this title is of that date ; hut Mr. 
Eobert Stuart, at p. 34 of his 'History of the Steam-engine,' 
published in 1824, says, quoting from Kobison, "The fact is, 8a- 
very obtained his patent in 1G98, after hearing of objections ; * 
* hut, besides this, lie had erected several of his engines he- 
fare he obtained Lis patent ;" " and," continues Mr. Stuart, " pub- 
lished an account of his engiae in 169G, under the title of Tlx 
Miner's Friend, and a Dialoipte by way of answer to the objectionis 
which had been made against it, in 1699, What is most impor- 
tant is, that the letter-press of ' The Miner's Friend' is accom- 
panied by a very clear and sufficiently well-executed cngi'aving, 
including two figures, each of about twelve inches in height, of 
wbicli the first represents " The Engine for raising Water by 
Fire," and the second represents the same engine " working in a 
mine." In the former, the various parts are all delineated on 
such a scale, that, with the aid of the particular description ac- 
companying it, it is impossible to mistake either their proportion 
or their mode of action ; and of both figures it may with perfect 
confidence be asserted that they are tiie first representations to be 
met with in the publications of any country, of a real steam-en- 
gine doing useful work. 

Savery's engine, as so described and delineated, acted by two 
distinct principles ; raising water, in the first place, by tlie pres- 
sure of the atmosphere forcing it into a vacuum formed by the 
condensation of steam; and, in the second, by tlie expansive pomer 
of steam. The steam from the detacJied boiler was let into a ves- 
sel called a receiver, and, having driven out the air, was condensed 
by the effusion of cold water, and a partial vacuum formed. A 
communication being then opened with a suction-pipe, twenty- 
four feet in height, the lower end of which was placed in a cistern 
or reservoir of water, that water was forced upwards, by the pres- 
sure of the atmosphere, into the receiver. When this was nearly 
tilled, the communication with the suction-pipe was shut off, the 
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steam was readmitted iiito tlie receiver, and bj its expansive 
power foreed the water contained in it up an ascending, or, as he 
called it, a force-pump. This second operation is similar to one 
of those experimentally tried by Porta, and indicated by Solomon 
de Cans ; and not only Indicated, but perhaps practised, by the 
Marquis of Worcestor. The prior operation, — that of raising the 
water into a vaiMium formeil by the condensation of steam, — we 
believe to have been original with Kavery. For, although both 
Portia and Papin had described the principle, they applied it in a 
different manner ; and there is no proof, or even surmise, of ita 
having been known to Savery when he invented his engine in 
1696, or perhaps sooner. Indeed, Papin, with praiseworthy can- 
dour, as quoted by Belidor, ('Ai'ch. Hyd.,' tome ii. p. 309,) 
writes, "What I say here is not to give room for believing, that 
Mr. Saveiy, who has since pubhshed this invention at London, is 
not actually the inventor. I do not doubt tiiat the same thought 
may have occurred to him, as well as to others, without having 
learnt it elsewhere." 

Switzer, in his ' System of Hydrostatics and Hydraulics,' 
published in 1729, says, p. 325, "Among the several engines 
irhich have been conti'ived for the raising of water for the supply 
of houses and gardens, none has been more justly surprising than 
that for the raising of water bj fire, the particular contrivance 
and sole invention of a gentlemin with whom I had the honour 
long since to be well acquainted . I mean the mgenious Captain 
Savery, some time since deceased, but then a most noted engi- 
neer, and one of the Commissioners of the sick and wounded. 

"It was a considerable time before this curious person, who 
has been so great an honour to his country, could (as he himself 
tells us) bring this his design to perfection, on account of the 
awkwardness of the workmen who were necessarily to be em- 
ployed in the affair ; but at last he conquered all diiBculties, and 
procured a recommendation of it from the Royal Society, in 
Trans. No. 252, and soon after a patent from the Crown, for the 
sole making this enghie. And I have heard him say myself, that 
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the very first time he played it, was in a potter's house at Lam- 
beth, where, though it was a small engine, it forced its way 
through the roof." 

Savery, in the second chapter of his 'Miner's Friend,' enti- 
tled "Of the ases that this Engine may he applied unto," enu- 
merates — 1. The working of mills, by raising water, afterwards 
to be employed in a steady stream turning water-wheels ; 2. The 
supplying palaces, or noblemen's and gentlemen's houses, with 
cistemfulls of water, for domestic nse throughout the house, for 
fountains, or in case of fire ; 3. The serving cities and towns 
with water; 4. The draining of fens and marshes; 5, "I be- 
lieve," lie says, " it may be made very useful to ships ; but I dare 
not meddle with that matter, and leave it to the judgment of 
those who are the best judges of maritain a,ffairs ; " C. The drain- 
ing of mines and coal-pits : all of which purposes may, he con- 
siders, bo answered at far less cost by nsing his engine than by 
employing horse-power. And with regard to the last, he suggests 
that in very deep mines there might be a succession of steam-en- 
gines placed at various depths in galleries leading from the 
shafts. 

We have already incidentally referred to Fapin having, on the 
appearance of Savery's invention, abandoned his own idea of 
1690, and proceeded to make a steam-engine on other principles, 
with several variations from that of Savery in the construction 
of the parts. Belidor, quoting from the work of Papin ia 1707, 
says that " from the year 1698," (the date, it will be observed, at 
which Savery is said to have obtained his patent, and two years 
subsequent to the first publication of the description of his engine 
in the first edition of 'The Miner's Friend,' in 1696,) "he had 
made a number of experiments by desire of the Landgrave 
diaries of Hesse Cassel, to raise water by fire, which he had com- 
municated to divers persons, and among others to Leibnitz, who 
answered that lie also had entertained tlie same idea. 

"This work having been intemipted," continues Papin, 
" would perhaps have been forgotten, had not*Leibnita, in a letter 
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of 6th January, 1705, done me the honour to ask my opinion of 
the machine of Mr. Thomas Savery, of which he sent me the 
print matte in London. Although its construction was a little 
different from ours, and I had not the description sent me, I saw 
at once that the English machine and that of Ca3sel were found- 
ed upon the same principle, as I showed to the Landgrave ; which 
caused his Highness to resume the design of pushing on this in- 
vention, which, without doubt, is a very useful one, as will he seen 
hereafter. I can then testify that it has cost much time, lahour, 
and expense, to l)ring it to its present state of perfection. It 
would be tedious to particularize all the unforeseen difBculties met 
with, and all the trials which have turned out contrary to expec- 
tation ; and, therefore, I shall limit myself to making known how 
far what we now have is prcfcrahle to what ive had done at first, 
and to what Mr. Savery has since done, that the public may not 
be under any mistake in tlie choice of these different machines, 
and may profit, without trouble, by what has proved so expen- 
sive ; and likewise that fhey may see that their obligation to his 
Highness is not solely for having formed the first plan, but for 
having overcome the difficulties of the first execution, and brought 
matters to their present state of perfection." 

Belidor, after this long quotation, goes on to observe — " M. 
Papin then gives the description of the machine he had executed, 
and forgets nothing to give it value. But, whatever he nun/ sai/, it 
is very far from ifing equally ingenious and complete with that of 
Mr. Saveiy, which possesses the advantage of having within it- 
self all the movements it requires, without any one touching it ; 
whereas the other cannot act without the help of several men, one 
of whom at least is required to give his work uninterruptedly, 
with contrivances which render (Sw machine as imperfect as that of 
Mr. Savery is complete. It does not, in fact, appear that the en- 
gine improved by Papin, after he was made acquainted with Sa- 
very's engine, was ever brought into practical use. 

It deserves also to be mentioned that Savery, witli the same 
attention to practical utility by which all of his mechanical pro- 



dbyGoot^le 



116 LIFE OF WATT, 

ceedinga seem to have been characterised, was the first to intro- 
duce the idea of horse or horse's power, as the measure of the 
force of an engine ; a term which has since become so familiar as 
expressing a standard at once convenient in its use, and intelli- 
gible to every one. Sir Samuel Moreland had said, in 1C83, in 
speaking of steam when " well governed according to the rules 
of statics, and hy science reduced to measure, weight, and bal- 
ance," that " then it bears its burden peaceably, (like good horses,) 
and thus would be extremely useful to the human race," &c. But 
that phrase can there be regarded only as a simile used in quite 
a genera! sense ; while Savery goes on to show that an engine is 
capable of doing the work not only of aa many horses as could at 
any one time produce an equal effect, but of as many as would 
have to be kept in order to produce tlie same effect constantly. 
" So that an engine," says he, " which will raise as much water as 
two horses, working together at one time in such a work, can do, 
and for which there must be i,onstantIj kept ten or twelve horses 
for doing the same, then I sa\, such an engme will do the work 
or labour of ten or tweUe horses * It is true that the modem 
use of the same standard has been luniti.d to the lower of those 
two modes of comparison , but it may be doubted whether the ' 
other, employed by Savery, is not m truth the more exact one ; 
as an engine can work day and night without requiring rest, while 
eight hours, or one-third of that period, are usually considered to 
be sufficient for a horse to work at one time. 

Notwithstanding the importance which we now reasonably at- 
tach to the engine thus distinctly put forward by Savery, it met 
with but little acceptance from the miners to whom he addressed 
his description and his arguments ia favour of its use. Arago 
says that there was but one exception to the general disregard of 
the benefits it promised to them ; and, as during the term of his 
patent he does not appear to have made use of any safety-valve, 
there was evidently considerable danger, with the imperfect work- 

• 'Miner'Brriend,' p. 29, 1703. 
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manship of those days, in using tlie bigUy heated steam which 
he is said to have ventured to employ. 

"I have known Captain Savery," says Desagtiliers, "at York 
Buildings, make steam eight or ten tunes stronger than common 
air ; and then its heat was so great that it would melt common 
soft solder; and its strength was so great as to blow open several 
of the joints of his machine ; bo that he was forced to be at the 
pains and charge to have all his joints soldered with spelter or 
hard solder. 

"These discouragements," adds Desaguliers, "stopped the 
progress and improvement of this engine, till Mr. Newcomen, an 
ironmonger, and John Cawley, a glazier living at Dartraoath, 
brought it to the present form in which it is now used, and has 
been near these thirty years."* (The first edition of Desaguliers' 
first volume Was published in 1734 ; the first edition of the second 
volume, from the third edition of which the above piwsage is 
taken, was published in 1744.) 

Newcomen and Cawley became associated with Savery in the 
■, Patent obtained in 1705. The engine has, however, always borne 
, the name of Newcomen. 

The improvements introduced into it were very considerable, 
compared with the scheme of Papin, or the engine of Savery. In 
those first made, one cylinder was placed within another, and the 
interstice was filled with cold water, which effected the condensa- 
tion with less trouble than the effusion of water, to which Savery 
had recourse ; as he says, " the water, falling, causes by its cool- 
ness the steam, which had such great force just before, to [lose] 
its elastick power, to condence, and become a vacuum, or empty 
space."* The piston was tightened by packing with leather or 
rope, and by a stratum of water upon It. A sepaiate boiler was 
used, as had been done by Savery, for the generation of the 
steam, and the consumption of water in it was supplied by a pipe 
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from the top of the piston. A snifting-valvo was applied for 
blowing out the air, and an eduction- pipe for getting rid of the 
water arising from condensation, witli improved mechanism of 
cocks and valves. But the great invention for rendering the 
power applzcahle to practical purposes, consisted in a working 
lever, or great beam moving on a centre, one end heing connected 
with the piston-rod, by means of an arch and chains, and the 
other with the pump to be worked by it, having a counterpoise 
for the piston. The subsequent introduction of the cold water into 
the inside of the cylinder, and the working of the cocks or valves 
from the great beam, were important points ; and, by the last, 
the steam-engine was rendered a self-acting machine. The de- 
tails underwent much improvement in the hands of Beighton, , 
and, finally, of the great engineer Smeaton. See the particulars 
in Farey, (' Treatise on the Steam-Engine,' pp. 138-204.) The 
historical and mechanical information there given, and con- 
tinued down to p. 308, will be found very deserving of an atten- 
tive perusal. 

It results from the facts we have adduced, that of the above/ 
machine, the first idea of the cylinder, packed piston and rod, ', 
and the use of the pressure of the atmosphere as a power, belong ' 
to Otto Guericke ; the forming a vacuum by the condensation of . 
steam in the cylinder to Papin, who probably was acquainted with 
the simOar experimental process of Porta, conducted, however, 
with a cistern, instead of the more convenient cylinder ; the sep- 
arate boiler, and perhaps parts of the mechanism of the valves, 
&c,, to Savery. But, whether the ironmonger and the glazier of 
Dartmouth were acquainted with what Otto and Papin had de- 
scribed in languages probably to them unknown, can only now be 
guessed at. That they knew something of what Savery had car- 
ried into practice six years before ia likely, although Switzer ap- 
pears to consider that they invented the whole. In the history 
of arts and sciences there have been many cases of apparent co- 
incidence of inventions, of which, the theory of fluxions, bringing 
into opposition the great names of Newton and Leibnitz, forms 
the most illustrious instance. 
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"The way of leathering the piston," saya Desaguliers, "was 
found by accident ahout 1713 ; having then screwed a large 
broad piece of leather to the pistoD, which turned up the sides 
of the cylinder two or three inches ; in working, it wore through, 
and cut that piece from the other; which, falling flat on the pis- 
ton, wrought with its edge to the cylinder, and, having been in a 
long time, wag worn very narrow ; which being taken out, they 
had tiie happy discovery whereby they found, that a bridle-reio, 
or even a soft thick piece of rope or match going round, would 
make the piston air and water-tight."* 

Probably, also, the further packing of the piston by the inge- 
nious method of a stratum of water resting on its plate, was dis- 
covered by accident. Its use led directly to a further invention 
of great importance, and even some elegance : — " One thing is 
very remarkable j as they at first were working, they were sur- 
prised to sfee the engine go several strokes, and very quick to- 
gether, when after a search they found a hole in the piston, which 
let the cold water in to condense the steam in the inside of the 
cylinder, whereae before they had always done it on the outside. "f 
And hence followed the substitution of the rose-head, to inject a 
shower of cold water through the interior of the cylinder before 
each descent of the piston, instead of the application of cold from 
without ; in the first engine in which the injection was intro- 
duced into the cylinder, the water appears to have spurted straight 
np from the end of the injection-pipe. To obtain regularity of 
the injection, " they used to work with a buoy in the cylinder in- 
closed in'a pipe, which buoy rose when the steam was strong, and 
opened the injection, and made a stroke ; thereby they were capa- 
ble of only giving six, eight or ten strokes in a minute, till aboy, 
Humphry Potter, wlio attended the engine, added (what he called 
scoggan) a catch that the beam always opened, and then it would 
go fifteen or ■ sixteen strokes in a minute. But this being per- 
plexed with catches and strings, Mr. Heni-y Beighton, in an en- 

* Desaguliers, vol. ii. p. !i33, t Ibid. 
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g^e he had built at Newcastle-on-Tyne in 1718, took them all 
away, the hcam itself simply supplying all much better."* 

Thus, then, by many successive stages had at last been formed 
a machine in which steam, — to use the figure of speech imputed 
to Sir Samuel Moreland, — ^had heen reduced to weight, measure, 
and balance; hut which could scarcely yet he said with truth to 
conduct itself very peaceably, or " like the best horses," under 
the various burthens it was intended to hear. For, although it 
certainly contrived to do a good deal of work, yet it did it in a 
fashion which was provokingly clumsy, imperfect, and irregular; 
it would not always move when ordered to do so, nor stop when 
its progress became dangerous; in the hands of those unaccus- 
tomed to attend, to clean, to water, and to exercise it, it would 
astonish the beholders by snorting wildly, rearing badly, and 
kicking viciously ; it would break even its harness of chains, not- 
withstanding the "bridles" and "martingales" by. which itivas 
curbed ; or again, when urged to go at a gallop and exhibit its 
best racing pace, it would sometimes take a fancy to spite its 
jockey, move even more sluggishly, work more feebly, and perhaps 
settle the unprofitable struggle by coming at last to a dead halt. 

" It is now brought to very great perfection," writes Dr. Desa- 
guliers, who would fain have had the credit of improving it be- 
yond all the devices imagined by Lord Worcester, Savory, New- 
comen, Cawley, and any others who might have had a hand in 
the Great Machine; "I shall bhow," quoth he, "that Captain Sa- 
very's method is not uni^eful in many cases, especially when it is 
changed into the very simple engine that I have reduced it to, 
which I shall also describe." Yet this very perfect and simple 
engine was apt to have all the faults we Lave enumerated above: 
its original cost, also, was not small, and its appetite for fuel was 
voracious. This last might indeed be called its favourite weak- 
ness ; for each time that the piston was raised, the cylinder had 
to be filled with steam, and was therefore heated to an equal 

* DesBguliera, as above. 
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degree ; while, each time tliat the steam was condensed in order 
that the piston might fall, and a stroke he made, the cylinder was 
cooled down in proportion, and fresh heat, or in other words, 
more fuel, was wasted in recovering the steam-heat proper for the 
next rise of the piston. 

The names of Amontons and Dalesme, whioh have sometimes 
hei-n included in the histoiy of the steam-engine at the epoch of 
Savery and Papin, we need scarcely do more than harcly men- 
tion. The "Fire-wheel" of the former, of date 1699, of which 
an elaborate description, with engravings, is given ia the 'Me- 
moires de I'Academie des Sciences ' for that year, and also in 

, Leupold's ' Theatrum Machinai'uni,' 1724, (Tah. 53, fig. 2,) con- 

■ sists of a complicated apparatus, depending for its aclioo more 
on the expansion of heated air than on steam. And of H. Dal- 
esme's project^ which bears the date of 1705, the only record that 
remains appears to be the following, contained in the ' Hist, de 
I'Academie dea Sciences ' for that y a and qu t d ly P ti 
, ('Arch. Hyd.,' ii. p. 90.) "M. D 1 m la 1 1 f th Soc ty 
I some ideas which it was thonght nught p u f 1 and b 1 

I serving of the outlay requisite f p m nt n a 1 al 

< His notion is, that the force of th t m wh h f m h 1 

.' water might be employed as a m n^, p h has h wn by a 

machine in which that force alone made water spout to a great 
height, how powerful it is." The effect described might evidently 
have been produced by something not more deserving the name 
of a machine than the hollow hall and tube of De Cans. 

The improvements of Smeatoa oa Newcomen's, or the atmos- 
pheric engine, (as it was called from the pressure of the atmos- 
phere on the piston being the moving power in the downward 
stroke,) are the last to which we are here called on to allude be- 
fore entering on the consideration of those of Watt, In getting 
engines erected, Smeaton was so much baffled and annoyed by 

' the irregularity and insufficiency of their work, arising often from 
the bad proportions of their parts, that he constructed a small ex- 
perimental engine, not above four horses' power, from which he 
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deduced a valuable table of tte proportions of the parts and of 
their relative perfomiance ; the experiments are said to have been 
made about the year 1765, although Smeaton did not proceed to 
build large engines in accordance with the results obtained, till 
nine years afterwards; soon after which he designed several, some 
of thera of raoro than a hundred horse power, and in which it 
was admitted that there was a considerable saving of fuel, — equal 
in some cases to one-third of the previous consumption. But 
those were not in existence at the period of Watt's life to which 
we must now attend; and even the table we have spoken of was 
not published by its author, but was found after his death among 
his papers, now in the possession of the Koyal Society. 
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Fko I he narrate es o both D B ck and Dr. Eobison, it is ap- 
parent that, next to the inventor himself, the person at firet most 
deeply interested in the mechanical and commercial success of the 
invention, the origin of which has now heen so fully detailed, 
was Dr. Roebuck ; an ingenious and enterprising man, whose ul- 
timate want of Buccess in life ill rewarded his fondness for prac- 
tical science, and his energetic exercise of very considerable tal- 
ents and industry. It seems indeed a singular ftitality, that even 
his early connection with the greatest invention of his age, full 
of future profit as it promised to be, and narrowly as we now see 
that it failed to realise that hope to him, was not only of no ulti- 
mate service to his own fortmies, but had nearly cut short the pro- 
gress of the invention itself; which was long submerged, and 
well-nigh altogether lost, in the financial wreck n wh h h af 
fairs became involved. 

For the best account of the life and pursuits of h n 1 man 
who was thus destined to become the temporar 1 h nn 
cessful associate of Mr. Watt in his important sch m h publ 
are indebted to the pen of the late Professor Jard n f Gia g w 
College. From a biographical notice which he c mm n a d o 
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the Eoyal Society of Edinburgh, and which is published in their 
Transactions,* we find that Dr. Eoebuck, who was born at Shef- 
field in 1718, and received some of his early education under the 
care of Doddridge and in companionship with Akenside, studied 
medicine at the University of Edinburgh, and formed there an in- 
timate acquaintance with Hume, Robertson, and others of their 
eminent contemporaries. Graduating at Leyden, on his return 
to England he settled as a practising physician at Birmingham, 
where he rapidly rose into extensive and lucrative employment, 
and was at the same time enabled to gratify his inquiring habit 
of mind by numerous scientific researches, in which he engaged 
with ardour. The study of chemistry, one of his favomite pur- 
suits, he now prosecuted practically, with great ingenuity and per- i 
severance ; inventing improved and economical processes for refin- > 
ing and working gold and silver, as well as for manufacturing 
many other substances commonly used in the arts ; and, in con- 
junction with Mr. Samuel Garbett, establishing a large labora- 
tory, where his various processes were profitably carried out on a / 
very extensive scale. Sulphuric acid, which had previously been ', 
made, at great expense, in glass retorts, they succeeded, after 
many experiments, in preparing, by means of leaden vessels, at \ 
less than a fourth of its former cost ; and on their establishing a i 
manufactory of it at Preston Pans, in East Lothian, the consump- 
tion of the article increased enormously, and the profits of their 
undertaking became proportionally large- 
Emboldened by this success, Dr. Eoebuck proceeded to carry 
out a work of far greater extent and importance, which, both in a 
private and in a national point of view, has more than equalled 
the sanguine expectations then formed of its probable utility. 
Among the numerous objects to which he had turned his atten- 
tion, was the smelting of iron-ore ; a process which, as then com- 
monly conducted, was capable, he had satisfied himself, of very 
great improvement. Having, with his partner Mr. Gai-bett, now 
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realised some fortone by the profits on his other processes, and be- 
ing easily enabled, by the confidence reposed in his skill and judg- 
ment, to obtain the Joan of the further capital that was neces- 
sary, he resolved to establish in Scotland a manufactory of iron 
on a great scale. To him was left not only the direction of all 
that concerned the buildings, machinery, and processes of the 
manufacture, but, in the first place, the selection of a proper site 
for the intended works ; and on the banks of the river Carron, in 
Stirlingshire, he found united every natural facility for his pur- 
pose. In that situation, with great water-power, were combined 
the advantages of ready transport by sea, and supplies, in the 
immediate neighbourhood, of excellent iron-ore, limestone, and 
ooal, — minerals which, after the lapse of a century, have in that 
district shown no signs of exhaustion. 

The Carron iron-works, in their original state, were com- 
pleted by the end of 1759, and the first furnace was blown on 
the 1st of January, 1760- 

Id planning the Carron machinery, Dr. Koehuck avaUed him- 
self of the great talents of Mr. Smeaton, who has been justly 
termed the father of civil-engineering in Great Britain, and who, 
having in 1750 begun business in London as a philosophical-instru- 
ment-maker, was already fast rising to eminence in both of those 
professions. He had not, however, been previously brought into 
notice in Scotland ; and the introduction of his skOI into that 
country, in which he afterwards directed many important engi- 
neering operations, is one of the numerous proofs that Dr. Eoe- 
buck gave of possessing an observant and penetrating judgment. 
Among Mr. Smeaton's Reports, which were published by the 
Society of Civil Engineers,* and form an interesting memorial 
of his labours, are included several that were addressed to the 
Carron Company, concerning the supply and regulation of the 
water-power, the construction of blowing-machines on improved 

* In three Tolumes, qnarki, 131S ; which were followed, in 1S14, by a fourth 
volume of hia Miscellaneous Papers, comprising all of his i 
Bojal Society, printed in the Philosophica! Transactions. 
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principles, of mills for boring the great guns known in the BritiBh 
Navy as mrronades* and other kindred matters. 

The works established under such advantageous circumstances, 
and directed by such ahle advice, did not fail to prosper s and 
they proved a lucrative investment of the means of tlieir prin- 
cipal projector, as well as of his associated friends. 

One of the great principles of tlie improved method of manufac- 
turing iron, as practised at Carron, was the use of pitcoal instead 
of charcoal ; which, although it had certainly been contemplated 
and even occasionally attempted in practice in England almost a 
century and a half earlier, it remained for Dr. Eoehuck success- 
fully to reduce to a general and useful system. An ahundant 
and cheap supply of coal being thus an essential requisite for the 
continued prosperity of the iron-works, Dr. Eoehuck was desirous 
of securing it hy becoming the lessee of the extensive coal-mines 
belonging to the Duke of Hamilton, at Borrowstoness, where the 
coal workings were combined with salt-pits. The natural obsta- 
cles, however, which presented themselves, (arising chiefly from 
the great and unexpected depth of the workings,) were so formi- 
dable as at first greatly to hinder, and ultimately to render hope- 
less, the success of all his endeavours. 

It was after he had engaged in that perilous adventure, but 

• " In the early part of 1779," saya Mr. James, io his well-known and ad- 
mirable ' Naval Kiatoiy,' "apiece of carriage-ordnance, the inveatioE, by ailao- 
counla, of the late Bcientific General Bobert Melville, was cast, for the first time, 
at the iron-woriia of the Carron Company, situated on the banks of fbe river 
Carron, in Scotland. Although shorter than the navy 4-pounder, and lighter, 
by a trifle, than the navy I3-poander, this gun equalled in its cylinder the 8-iocli 
howitier. Its destructive effects, when tried against timber, induced its in- 
ganious inventor to give it the name of smasher." The new gun soon got the 
name of carronade, and those of the larger calibres were found lo be so formi- 
dable from the farce and weight of their shot, (from 32 to BS-pounders,) that 
within a very few yeara of the date of their invention tiiey were introduced into 
almost every ship in the BHtJsh navy ; while a carronnde of smaller calibre, (24 
down to 12-pounders,) was in 1735 ordered to be supplied fo the lamicli of every 
ship of the size of an 13-gun brig or above if, to aid in the service of cutting out 
vessels from the enemy's harbours — See ' The Naval History of Great Britain,' 
by William James, vol. i. pp. 4T and 4S6, ed. 1826. 
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before its fatal issue was ascertamed, that Dr. Koebuok was 
brought into connection with Mr. Watt. From the inventive 
genius of his new acquaintance, Dr. Eoebiick was able to 
discern that great profit raight accrue to the extensive establish- 
ments Tinder his own care ; his judgmentj therefore, no less than 
his inclination, led him warmly to enter into schemes for ren- 
dering effectual in practice the principles ivliich Watt commu- 
nicated to him ; and, an unreserved confidence having been 
established between them, in the correspondence which ensued are 
to be foimd the earliest contemporary records of tlie progress of 
the great discovery, which, as we have seen, had "flasted upon 
the mind" of Mr. Watt in the summer of 1765. 

" I have tried my new engine with good success," writes Mr. 
Watt to Dr. Eoebuck, 23 Aug. 1705, " for though I have not 
been able to get it perfectly au'-tight from its had materials, yet, 
immediately on turning the exhausting cock, the piston, when 
" not loaded, ascended as quick as the blow of a hammer, and as 
quick when loaded with 18 lbs. (being 7 lbs. on the inchj ae it 
would have done if it had had an injection as usual. The mo- 
ment the steam-cock was opened, the piston descended with 
rapidity, snifting all the whOe, though the steam was very weak. 
On the faith of this I have set about a larger and more perfect 
model, having now little doubt of its performing to satisfaction." 
To Dr, Lind,* — "I have tried my small model of my perfect en- 
gine, which hitherto answers expectation, and gives great, I may 
say greatest, hopes of success (for certainty could not be called 
hope), in greater model now far advanced; in short, I expect 
almost totally to prevent waste of steam, and consequently bring 
the machine to its uUvmatum.^' 

On the 9th of September he informed Dr, Eoebuck of various 
experiments and facts, from which he concludes, " That, in pro- 
portion as the sensible heat of steam increases, its latent diminishes, 
so, in the steam-engine, working with pressures above 15 Iba. 

* 4 Sept. 17S5. 



dbyGoot^le 



128 LIFE OF WATT. 

must be more advantageous than below it ; for not only tbe latent 
heat is (liminislied, but the Bteam is considerably expanded by the 
sensible beat, which is easily added." 

On receipt of this letter, Dr. Roebuck ei.p d h at fa 
tion at finding that Mr. Watt was so n a ly ly t ke 

his trial, and advised him to press it for ad th II p d 
whether he chose to pursue it as a pbilos ph. as a na i 

business. After sending to the Doctor a cal ulat n f n pe 
ment on one of the old engines at Borrowstones, which, with a 
boiler 202 feet in area, a cylinder 32 inches in diameter, and of 
5J feet stroke, and 1454 cubic feet of steam produced per minute, 
made only 11^ strokes per minute, using at each stroke 1454 
cubic feet of steam, Mr, Watt wrote on the 11th of October — "I 
have made a trial of ray machine. It has not entirely answered 
my expectations, th h t h n f It I t h t I th k I an 
cura The princ pi nd I 1 li th ly th 

untightness of th p t h h I th nk I h f d ly 

for. However, I m tain t nf t n f t m 11 b 

extremely small, and th nd tnnk 1 dtmy 

possibly be some djbf I n mtoj, Int 
remedy everything before I send it away." And again to Dr. 
Lind on the 12th of October, — "I have been making trial of 
my machine, but have not got the piston steam-tight yet ; but 
hope I shall accomplish it. My error was applying the , ' piston 
to it, it being more proper for purposes where the piston ia 
— drawn against the pressure than for engines where it 
1^ I j\ flies from it. I now conceive this to be the best for 

'Ji ^*' '^^ ^^^ chih has a great latitude to adapt itself 

n to a bad cylinder, and if the steam goes past one of 

' the rings of cloth, the other will take it up. I am 

at present quite barren on every other article, my whole thoughts 
being bent on this machine ; so 1 can write you nothing else." 

On the 16th of October, to Dr. Roebuck: — "On repeated 
trials of my machine I have had better success ; it readUy works 
with lOi lbs. on the inch, and sometimes I made it lift 14 lbs. I 
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ments on my piston, with which I am coafi- 
to my utmost expectations. Ttis is my 
are two collars of varnished cloth; b is the 
1 which was made for Belidor's pistun, and 
E k d I propose adding another collar at c, 
m where on 6, with which addi- ^ 

Ti n b perfectly tiglit, as you will 
1 h ddition of a collar increases 
h n ly As to the steam consumed, 

y 1 1 y httle boiler fills the cylinder 

s than half a second after it has been ex- 
This is the way in which I tried it ; a 
being the cylinder, h a lever fastened down by one end at c, 
a. weight, which, by being moved backwards and forwards, ( 



ih, 




Now, in these circumstances, the weight be- 
ing in a situation where the engine cannot lift it, and vacuum 
produced in a, it is plain, on opening the steam-cock, the steam 
will work into o, and fill it ; to do which, as I said, it took less 
than half a second, which is known by its opening the enifting 
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valve BO soon aa it is tn equilibrh with the air. So soon as tlie pro- 
posed alterations are made I shall forward it to you." And, on the 
18th October ; " Perfect or imperfect, I will send yoti the machine 
nest week. I find nothing makes it work so well as a strong ex- 
panded steam," This was an "Inverted engine, with a new pis- 
ton, the first not answering. The cylinder of this engine was 
five or six inches diameter, with a two-feet stroke; the inner 
cylinder was made of copper, not bored but hammered, and not 
very true. It was enclosed in a wooden steam-caBe, and placed 
inverted : the piston working througli a hole in the bottom of the 
steam-case. This was the second of my new eogincs " 

At the same time he describes the pc foimance of a Tes 
tudo or t rtoise shaped boiler the 
grate lormei of hollow tubes filled 
with water whn.h evaporated 25 lbs 
of water with alout 1 lbs ol t,oaI& m 
__ alout 44 mmutea from the time ol 

J O O O 9 J ^ bofiiu" somet mes sooner but with 

greater consumption of coals those used baling been \ery bad 
and he speaks of h s baling -iuotber contrivance that would be 
be both less bulky and more eaiy f esecut on 

On loth November he sends detailed Irawings and descnp 
tion for a covered cylinder and a piston to be cist at the Carron 
works; whole inside length 7 feet diameter 2t mcbes to be 
made as truly round and equallj wide as possible which cylin 
der, however, although afterwards sent to Sobo, was never used ; 
having been very ill-bored, " though the best Catron could make 
at that time." 

Before the end of the same year, he had discovered, as he 
thought, that he could make the piston " extremely air-tight, and 
at the same time have little friction," by means of English paste- 
board, made of old ropes instead of paper, and oiled ; and had 
also altered the plan of the condenser " from small pipes to thin 
interstices between plates: 16 double plates of a foot square, 
and half an inch asunder, will answer the purpose of 900 pipes 
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of an eig-lith diameter. Tliis has another advantage, viz. sim- 
plicity and greater ease in making. I have also thought on 
something new about the pump of the condenser, and also for the 
pmnp in the pit. Thinking on these things ia a kind of relief 
amidst my vexations." 

This "plate-condenser" also came to Soho, and many experi- 
ments were tried with it ; but it came unsoldered, and the " drum 
condenser was substituted." 

In March and April, 1766, the piston-rod and the new cylin- 
der " for the large machine" were got ready, at Carron ; and in 
the early part of that year occur the first intimations in Mr. 
Watt's correspondence of "a circular steam-engine" or steam- 
wheel, the idea of which had occurred to him, and which for a 
long time continued to divide his attention with the condensing 
engine. It was an alluring project, because, if successful, it 
would at once have provided a rotative motion for mill-work, a 
problem then unsolved by steam ; hut it took " a great deal 
more work" than its inventor had imagined; in May, 1766, it 
was " not yet quite finished, but near it," and so it remained for 
years, fresh difficulties arising in its execution as the old ones 
were overcome, till the patience of most men would have entirely 
given way. 

At this stage of advancement it was, — when the great inven- 
tion had been visibly and tangibly exemplified in a working 
model, and while its projector awaited, with eager hope, the 
performance, on a larger scale, of an engine, most of the parts 
of which were already constructed, — that the cloud of pecuniary 
difflcnlty which overhung the house of Einneil increased so as 
grievously to darken all further prospects ; discouraging, although 
not as yet entirely closing, that series of experimental trials 
which had hitherto been assiduously prosecuted. In September, 
1766, Mr. Watt wrote to a friend: "I think I have laid up a 
stock of experience that will soon pay me for ilie trouble it has cost 
me;" yet it was between eight and nine years before that in- 
valuable experience was made available so as either to benefit 
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the public or to repay the inventor ; and a much longer period 
elapsed before it was possible for that repayment to be reckoned 
in the form of profit. 

In the meantime, for some years longer, Koebnck was con- 
tending with his adverse fortune, and Watt incubating on such 
ideas, and, at intervals, practising such experiments, as occurred 
to him. Both seem, — though, as was natural, in different de- 
grees, — to have continued to entertain tolerably sanguine hopes 
of the ultimate success of the new " fire-engine ; " but neither of 
them could make any very decided step in advance, fram the 
want, principally, of those easy circumstances, which, whether 
of time or of money, were now too commonly denied to both. 

The necessities of an increasing family led Mr. Watt, in 
some measure, to forsake the occupation of a mathematical-in- 
strument-maker, (from which, although the extent of his business 
had become considerable, the returns were not large,) for that of 
a land-surveyor and civH engineer, — a profession the higher 
departments of which were then little studied or practised in 
Scotland. Even in England the labours of Brindley and Smeaton 
had but recently announced the commmencement of a new era in 
that branch of applied science, while to the north of the Tweed 
they were only just beginning to be known and appreciated as 
they deserved. The building of the Eddystone Light-house, per- 
haps the greatest and most memorable of Smeaton's works, was 
completed in 1759: and we find that in 1760 he was employed 
by the magistrates and town-council of Dumfries to report on the 
best means of preserving and improving the navigation of the 
river Nith.* " In justice to Father Smeaton," wrote Mr. Watt,f 
irfter the lapse of talf a century had raised up the gigantic works 
and established the fame of a Rennie and a Telford, " we should 
observe that he lived before Eennie, and before there was one- 
tenth of the artists there are now. Suian, cuique; his example 
and precepts made us all engineers." 
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In 1767 Mr. Watt was employed, ia conjunction with Mr. 
Eobert Mackell, to make a survey for a small canal intended to 
unite the rivers Forth and Clyde, by a line known as the Loch 
Iiomond passage ; which, leaving the Forth some miles above 
Stirling, was proposed to pass by Eollat into the water of Endrick, 
and thence by Loch Lomond and the water of Leven, to Dura- 
barton on the Clyde. But, as it appeared from Mr. Smeaton's 
estimates and comparison of that line with another which was 
called the Carron passage, that the former would cost somewhat 
more, was more circuitous by nearly forty miles, and would have 
been attended with an additional loss of time in passing between 
thirty and forty locks, as well as by further expenses in keeping 
them in repair, the latter was preferred, and an Act obtained for 
the construction of tbat useful navigation. Mr. Watt having 
attended Parliament on the part of the subscribers to the Lomond 
scheme, appears from some of his letters to Mrs. Watt not to 
have been much enamoured of that public life of which he thus 
) obtained a glimpse; when "close confined attending this con- 
( founded Committee of Parliament," he says, "I think I shall not 
{ long to have anything to do with the House of Commons again : — 
I never saw so many wrong-headed people on all sides gathered 
together. As Mac says, I believe tlie Deevii has possession of 
them."* 

On hie journey from London on that occasion, he appears to 
have made the acquaintance of Dr. Darwin, who writes to him 
from Lichfield, in August, 1767 : — " Now, my dear new friend, I 
first hope you are well, and less hypochondriacal, and that Mrs. 
Watt and your child are well. The plan of your steam im- 
provements I have religiously kept secret, but begin myself to 
see some diiRculties in your execution which did not strike me 
when you were here. I have got another and another new 
hobby-horse since I saw you. I wish the Lord would send you 
to pass a week with me, and Mrs. Watt along with you ; — a 

• To Mrs. Watl, London, 5 April, 1161. 
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week, a, month, a year ! You promised to send me an inBtminent 
to draw landscapes with. If you ever move your place of resi- 
dence for any long time from Glasgow, pray acquaint me. Adieu. 
Your friend, E. Darwin." At the same time he first beheld a scene 
which was soon to become to Hm one of the most vital interest ; 
for then it was that he first saw Mr. Boulton's great manufactory 
at Soho near Birmingham, to which he was introduced by Dr. 
William Small, who, along with Mr. Fothergill, a partner of Mr. 
Boulton, showed him the works. Mr. Boulton not being at home, 
those future friends and associates did not at that time meet ; but 
to Mr, Watt's eye, well fitted to appreciate the union of science 
and art everywhere conspicuous in the various processes which 
he there witnesseii, the manufactory appeared, and with truth, 
to be a perfect marvel of human ingenuity. " It was the first," 
says Arago, " which had been formed on such a large scale in 
England, and is still remarked for tte elegance of its architecture. 
Tbere, Boulton manufactured all sorts of admirable works in 
steel, plated goods, silver, and or-mouh ; nay, even astronomical 
clocks, and paintings on glass. During the last twenty years of 
his life, Boulton devoted his attention to improvemeots in the 
coining of money. By uniting some processes originating in 
France, with new kinds of presses and an ingenious application 
of the steam-engine, he was enabled to attain at once an exces- 
sive rapidity of execution, and great perfection in the articles 
produced. It was Boulton who re-coined, for the English Gov- 
ernment, the whole copper specie of the United Kingdom, The 
economy and excellence with which this great work was accom- 
plished, rendered coimterfeits nearly impossible. The execu- 
tions," [for the crime of false coining,] "which in London and 
Birmingham were every year till then unhappily of frequent 
occurrence, altogether ceased. It was on this occasion that Dr. 
Darwin exclaimed, in the notes to his 'Botanic Garden,' 'If a 
civic crown was given in Eome for preserving the life of one 
citizen, Mr. Boulton should be covered with garlands of oak ! ' " 
Mr. Boulton, also, at a later date, planned and directed the 
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arrangement of the machinery for the British mint on Tower-hill, 
and executed that for the coining department. He did the same 
for the great national mints of Petersburg and Copenhagen ; as 
his son afterwards did for the still more extensive and splendid 
establishments of the East India Company, the Calcutta and 
Bombay mints. Mr, Boulton struct several fine medals at his 
mint at Soho, commemorative of persons and events in the late 
war with France; and, in particular, a heautiful one of Lord 
Nelson, on the occasion of the victory of Trafalgar, 21st October, 
1805 ; the reverse representing the British fleet bearing down 
into action in two lines with the motto, "England expects 
EVERY MAN WILL DO uis DUTY." In a truly patriotic spirit, and 
with the consent and approijation of the Government, he pre- 
sented one to each ofBcer, sailor, and marine engaged in that 
memorable action, 
;■ Mr. Watt's inspection of the Soho manufactory, and the 

) knowledge he acq^uired, through Dr. Small's friendly offices, of 
the talent, enterprise, and success with which that great concern 
( was condncted, seem to have led him greatly to desire that iiis 
.' steam-engine could meet with so happy a fate as to be sheltered 
/ and cared for like the other machines which he there saw success- 
fully at work. From the first letter that remains from Dr. Small 
to Mr. Watt, (of 7 January, 1768,) it is evident that some con- 
versation had passed between them on the subject, and that Dr. 
S., while only informed of the ingenious discoveries recounted to 
him by Mr, Watt, and as yet ignorant of the precise nature of 
the connection between him and Roebuck, had formed a great 
esteem for his new acquaintance, had pressed him to settle at Bir- 
mingham, and had engaged, (which in any case he said they would 
most certainly do,) that Mr. Boulton and he should both assist 
him in every possible way. "I have no kind of doubt of your 
success," says Dr. S., " nor of your acquiring fortune, if you pro- 
ceed upon a proper plan as to the manner of doing business, 
which if you do you will be sole possessor of the afiair, even after 
your patent has expired. * * Whether it would be possible 
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to manage the wheel and recipnwating engines by separate part- 
nerships, without their interfering, I am not certain ; if it is, 
Boulton and I would engage with you va either, provided i/ou will 
live here. I am, in haste, dear Watt, your affectionate humble 
servant, W. Small." 

They were evidently in greater doubt as to the expediency 
of forming any intimate business connection with Eoebuck, some 
rumours of the dangerous extent of whose enterprises had proba- 
bly reached Birmingham ; although of him also, it is proper to 
add. Dr. Small writes, at the same date, " his integrity and gen- 
erosity, everybody agrees, are great " 

In the earlier part of 17ti8, Mr Watt, "close working," as 
he terms it, actively renewed his expenmental alterations and 
trials of both the wheel or circulating engine, and the recipro- 
cating or condensin'g one. Putty and other lutings, intended to 
keep the complicated valves of the former tight, m reality hin- 
dered them from shutting, by being metamorphosed into " the 
form of little balls ; " and contributed to make the completion of , 
that machine, — what italnays remained, — a sort of khour of 
Sisyphus. But in the latter, great progress was made, lor, ' 
although "the mercury" (with which the piston was packed) 
"by an unforeseen accident found its way mto the cjlmder, and 
played the devil with the solder," yet the piston was made to act 
by ateam above it, as well as by the vacuum below it ; the cylin- 
der was set wholly in a steam-case ; the pisfon was "extremely 
tight, and might easily be made tighter stiJI ; made of paste- 
board, baked with linseed oil, and put on like the leatlipr of a 
pump-box." He further proposed 
making two exhausting barrels in- 
stead of one, and giving them each 
half of its stroke, thereby producing 
a more perfect vacuum; "making 
the engine go of itself, that the 
strokes may be counted, and the water measured that is boiled 
away. These things are in hand, and will soon be done." This 
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was on the 29th of April, and by the 10th of May he had got 
the two new exhausting cylinders cast, bored, and partly turned, 
as well as new condensers made, and expected to have them going 
again hy the end of the week. 

" The two cylinders stand side by side ; the pipes at bottom 
communicate with two condensers, which, hy the pipe c, commu- 
nicate with the large cylinder. There is a valve at e that pre- 
vents the air and water in the condenser from going into the hig 
cjliader at the return of the piston of the exhauster, hut obliges 
them to go out at the top of the condenser through tiie pipe e, 
having a valve at bottom to prevent their return. This pipe 
e hi^ another use, viz., to measure accurately the quantity of 
water condensed [at] each stroke, by observing what space it 
occupies in this tube. I take this to be the beat way of deter 
mining that article, if we can make the pistons of the exhausters 
tight, BO that none may be introduced thitf^.*ay. As soon as I 
■ hav« got it compkted I will write you, that I may either come 
; to you and give you account of the success, or you come iiere and 
see the machine go. I am uneasy till I know the exact quantity 
of steam consumed ; though from several circumstances I think 
it wiU answer hopes. At any rate the vacuum is good and sud- 
den ; the consumption undoubtedly the le^t possible." 

After one or two trials which gave good promise, but left 
"several motions to adjust still," on the 24th of May he was at 
last able to send the following satisfactory report to Dr. Eoe- 

"I received yours, and would have answered it sooner if I 
could have given you the satisfaction I now can. I this day had 
another trial of the engine with the double condenser : the vacuum 
was as before, 14 Jbs. on the inch, and more readily formed, 
though this new apparatus is not perfectly air-tight. From some 
circumstances it was impossible to measure the water condensed 
in the way I proposed, but I found the engine could easily make 
twenty strokes per minute, and snift properly, when the steam 
was middling strong. I filled the boiler to a certain mark, 
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allowed it to come a-boil, and boil one hour, in wMcli time it 
wasted 300 cubic inches; I repeated this experiment with the 
same result nearly. Mow 300, divided by 60, gives 5 inches in 
a minute, or ^ inch each stroke. Now, the cylinder is 7^ inch 
diameter, squared is 56; deduct -J to give square inches: 42 
multiplied by 12, the stroke, 504 cubic inches — about 3^-part of 
a cubic foot ; but this used only the ^ of an inch of steam. As 
we could not use all the steam, great part went off at the load- 
ing-valve, and some was needlessly expended from another cause, 
which I shall explain at meeting. Therefore I speak within 
bounds when I say that every cubic foot of the contents of the 
cylinder wil! require only one cubic inch of water to be evaporated. 
I am even of opinion that, in a large engine, with a strong boiler 
and a hot steam, the half of that quantity will be sufficient. I 
intend to have tlie pleasure of seeing you at Einneil on Satur- 
day or Friday. I fd^psBly ivish you joy of this successful result, 
and hope it will make yoa some return for the obligations I ever , 
will remain under to yon." t 

This result, of which he was too good a mechanician not folly ; 
to comprehend the vast importance and great promise in every \ 
■ way, seems quite to have decided Mr, Watt oa at all events 
immediately securing |iis invention by patent. From a friendly 
letter full of what was at least meant to be good advice, — a 
valuable commodity, of which, however, the supply too often ex- 
ceeds the demand, — written by Professor Jardine to Mr. Watt in 
1768, (probably eariy in the summer,) and dated from Kinneil, 
it is pretty apparent that the inventor had by that time become 
very doubtful of Dr. Koebuck's ability, undeT his evident embar- 
rassments, to carry out the invention with the requisite vigour and 
resources. But, on the other hand, " the more," says Mr. Jar- 
dine, " Dr. Eoebuck is convinced of the practicability of the 
scheme, the keener he is of carrying it [in] to practice yourselves 
for your mutual advantage ; " and, while strongly urging him to ' 
keep up his spirits and hopes, and recommending him to devote 
some months to putting up a new engine at Bo'ness, with every 



dty Google 



ANSWER TO MR. BOULTOn's PnOPOSAL, 139 

aid that the Doctor could furnish, he adds, with characteristic 
discernment : — " You are surely very near to something that will 
be much to your advantage : the happiness, or, at least, the in- 
terest, of your family, — your own ease and amusement, — that 
life of ingenious indolence which you have often figured out to 
yourself, are all within prospect ; — not to mention the honour of a 
discovery of so much importance, a circumstance which few would 
think so moderately of as yourself" 

Mr. Watt heing perfectly satisfied in his own mind of the 
value of his invention, went to London in August, 1768, to make 
arrangements for taking out a patent for it; only delaying the 
completion of that step til! he should he able, if possible, to se- 
cure the aid of a fit associate in the execution of engines for sale, 
with an eqtiitable adjustment of the chance of profit, or tbe risk 
of loss. Mr. Boulton had intended to have met him in town, 
but being detained at home, invited Mr. Watt to visit him at 
' Soho, — at "I'HStel de I'Amitie sur Handsworth Heath," as he 
\ called his own hospitable house, — where he stayed for a fortnight, 
( to the great joy of Dr. Small, Dr. Darwin, and Mr. Eeir, who 
' were asked to meet him. Keir, whom Mr. Watt calls " a mighty 
chemist, and a very agreeable man," was possessed of considerable 
literary as well as scientific attainments, and is still known as 
having been the author of a translation of Macquer's ' Chemistry,' 
and of an interesting paper on the crystallisation of glass; of 
anotlier paper in the Philosophical Transactions on the congela- 
tion of the vitriolic acid ; of a treatise on the different kinds of 
permanently elastic fluids or gases, in 1777 and 1779 ; of a frag- 
ment of a Dictionary of Chemistry in 1789-90 ; as well as of an 
Account of the Life and Writings of the eccentric Philanthropist, 
Thomas Day, in 1791. 

On fully conversing with his guest as to the nature, position, 
and prospects of his invention, Mr. Boulton expressed a desire to 
be " concerned in the fire-engine ; " but Mr. Watt, with that re- 
gard which throughout life he invariably showed not only to the 
rights and interests but also to the feelings of others, deferred 
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entering into any agreement to that effect, until he should first 
have seen Dr. Eoehuck again on the subject, and obtained his 
fuli concurrence. TJiis he did on returning to Scotland in Octo- 
ber, and the result was thus communicated by him to Mr, Boul- 
ton, dated the 20th of that month: — "When you were so kind 
as to express a desire to he concerned in my fire-engine, I was 
sorry I could not immediately make you an offer. The case is 
this: — By several unsuccessful projects and expensive experi- 
ments I had involved myself ia a considerable deht before I had 
brought the theory of the fire-engine to its present state. Ahout 
three years ago, a gentleman who was concerned with me died. 
As I had at that time conceived a very clear idea of my present 
improvements, and had even made some trial of them, though 
not so satisfactory as has been done since, Dr. Eoehuck agreed to 
take my debts upon him, and to lay out whatever more money 
was necessary either for experiments or securing the invention j 
for which cause I made over to him two-thirds of the prop- 
erty of the invention. The debts and expenses are now about ; 
1200/. I have been since that time employed in constructing '' 
several working fire-engines on the common principles, as well as 1 
ill trying experiments to verify the theory. As the Doctor, from 
his engagements at Bo'ncss, and other business, cannot pay 
much attention to the executive part of this, the greatest part of 
it must devolve on me, who am, from my natural inactivity and 
want of health and resolution, incapable of it. It gave me great 
joy when you seemed to think so favourably of our scheme as to 
wish to engage in it ; I therefore made it my business, as soon as 
I got home, to wait on the Doctor and propose you as one I 
wished he would make an offer to, which he agreed to with a 
great deal of pleasure, and will write you in a few days, that if 
agreeable you may he a third part concerned, on paying the 
half of the cost and whatever you may think the risk he has 
run deserves, which last he leaves to yourself If you should 
not choose to engage on these terms, we will make you an offer | 
when the whole is more perfect, which I hope it will soon be." 
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* • * "If ibis reciprocating engine should not [answer,] it 
must be [from] some mechanical difficulty, which, 1 think, we 
may certainly get the better of. If Dr. Small should choose to 
be concerned with you in this, I have reason to think it would 
be agreeable to Dr Roebuck, and would be highly ho tome. If 
you should not choose to engine with this affair in its present 
state, or it any rate, you will let this letter remain a secret ex- 
cept to Dr Small 

It WIS in the meantime determined while await ng Mr 

Boulton s reply, that the patent should be tak not so as at ill 

events to secure the property in the new en^ ne to its vm entor 

and those who might be ai^sociited mith h m in its manufacture 

On the 5th of January, 170J, accordinglj the menoralle patent 

for "a new method of lessenksh the co\sd iptio\ op team 

AND TLEL IS FirE-cvciNES,' was obtamel ini the relat ve 

. specification in due courSL, tliat is, mth n four moi tha after 

5 wards, enrolled Dr Roebuck had igTreel m cons Jeration of 

( receiving an assignation of two-thirds of the property of tbe 

1 invention, to defray the debt (of neirly 1000/ ) mc irre 1 by Mr 

J Watt in making the prevuus experiments and also the expense 

( of the patent and of ani further experiments while Mr Watt 

was " to attend and conduct the experiments In re'ility it 

turned out that Mr Wttt kad to meet all the expenses with the 

exception of the di,bt of 1000/, which Eoehuck took, i'j agreed, 

upon himself, anl although the funds thus reijuired were not of 

any very large amount, they stdl were such as Mr Watt might 

have had extreme difficulty m pio\iding out of his small profits 

in the regular way of his business. We have ascertained that, at 

least to nearly the whole extent required for obtaining the patent, 

they were advanced by Dr. Black ; who in this, as well as in 

many other ways, had both the ability and the inclination to 

promote the success of the labours of Ms young friend. 

We Deed scarcely add that the sum thus provided was grate- 
fully repaid, with interest, by Mr. Watt, when days of greater 
affluence had dawned upon him. But we feel pleasure in making 
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known this instance, which we believe is not a solitary one, in 
which Dr. Black showed himself ready to aid a deserving neigh- 
bour less opulent than himself; as it has been alleged, — prohahly 
not altogether without reason, — that the learned Doctor was some- 
what penurioBsly attached to the saving of money. The considera- 
ble fortune which he bequeathed to his relations, (upwards of 
20,000^.,) certainly bore witness to his prudence as a financier no 
less than to his success as a physician ; but on this subject we cannot 
do better than quote from one of his letters to Mr. Watt, written 
in the last year of hie life,* in which he says, " Yon should study 
now to enjoy relaxation from business, and the amusements 
which are the most suited to your taste ; hut above all, relaxa- ^ 
tion and ease, and gentle exercise, and change of air. You need 
not he anxious now about your fortune. It is already abundant, 
and it will increase constantly, even while you are sleeping. It 
is, however, one of the follies of old age to be too intent on , 
the accumulation of riches ; and I feel in myself a degree of that j 
inclination. Those of us especially who have made a little fortune \ 
by our own industry, set a high value on riches on account of the '. 
labour which they have cost us^ and when time has put an end \ 
to other enjoyments, one of our greatest pleasures is to increase \ 
the hoard. We do not consider that it is already sufficient for 
every reasonable purpose. We have act^uired a taste and a habit 
which we indulge. If you can be amused with the works of 
Horace, you will find in them many pleasant allusions to this 
fully, and ingenious expositions of the absurdity of it," We can 
hardly imagine either a more pleasant allusion to the foible in 
question, or a more sound exposition of the absurdity of it, than 
those thus delivered by the amiable and philosophic Doctor ; 
whose discourse sounds partly as a warning against the sin, and 
partly as a rather complacent confession of its commission. 

• Dr. Black to Mr. Wett, Edinburgh, 1 Feb., 1T99. 
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Watt, while continumg his experimpnts at GKsgow, anil his pre- 
parations for further tuals of the engine "m the giea hehind Kin- 
^ neil," where "the hum afforded plenty of Id t " f 
I denaation, and there was greater " freedom f m p It th n 
' about Bo'ness," now busied himself in m km 1 ft f 1 

I Specification, which had to be given in a 1 11 d w thm f 
calendar months of the date of the Lette P t t I th f 
paration of this document, which afterward b m ft 

interest in the history of the steam -engine, not only from the na- 
ture of its contents, hut also from the long and fiercely-contested 
litigation of which it was the turning point, he received the ben- 
efit of the advice of his friends Dr. Small and Mr. Boulton ; and 
the event showed that their enlarged views of the principles on 
which it ought to be framed, were sound and judicious. 

" Mr. Boulton and I," writes Dr. Small to Mr. Watt,* " have 
considered your paper, and think you should neither give draw- 
ings nor descriptions of any particular machinery, (if such omis- 
sioBS would be allowed at the office,) Ijut specify ia the clearest 
manner you can that you have discovered some principles, and 
thought of new applications of others, by means of both which. 
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joined together, you intend to construct steam-engines of much ; 
greater powers, and apphcahle to a much greater number of use- 
ful purposes, than any which hitherto have been constructed. ; that 
to effect each particular purpose, you design to employ particular 
machinery, every species of which may be ranged in [one of J two 
classes : oae class for producing reciprocal motions, and another 
for producing motions round axes, 

"As to your principles, we think they should be enunciated 
(to use a hard word) as generally as possible, to secure you as ef- 
fectually against piracy as the nature of your invention will al- 
low. You might declare in some such manner as the following ; 

" First, you intend that the vessels in which powers of steam 
will he employed to work such engines as you may construct, « 
shall he heated, before the working of the engines shall begin, at 
least as hot as the steam to be conveyed into the vessels, and that 
this heat of the vessels shall bo rendered equahle, whilst the en- . 
gines work, hy suffering them to be entered or touched in that 
time by no substance colder than the steam they are designed to 
receive, by covering them with materials which allow bodies so > 
covered to cool very slowly, and by proper applications of heated \ 
bodies when they may be wanted. ITie vessels mentioned in this ^ 
paragraph you call steam-vessels. ' 

" Secondly, in the engines which you may erect to he worked, 
either wholly or partially, by condensation of steam, you intend 
that the steam shall be condensed in vessels distinct from the 
steam-vessels, though occasionally communicating with them. 
These vessels you call condensers ; and, whilst the engine may be 
working, you intend to keep the condensers constantly at least as 
eold as the air then in the neighbourhood of the engines, by ap- 
plications of water, and other means of cooling heated bodies. 

" Tliirdly, whatever air or other uncondensible elastic vapour 
may impede the operations of the engines, you intend shall he 
drawn out by machines in the manner of pumps, to be worked by ' 
the engines themselves. 

" Fourthly, you intend that on different occasions the neces- 
sary steam shall be produced from different substances, solid or 



terffcy Google 



SPECIFICATION OF PATENT OF 1769. 145 

fluid, or partly solid and partly fluid, aa may be most convenient; 
and also that tLe vessels in which the steam shall he produced, 
(which yoa call boilers,) shall be of diiSerent forms on these differ- 



" Fifthly, in many cases you design to employ steam in pro- 
ducing reciprocal motions in a manner like to that in whicTi por- 
tions of the atmosphere are now employed in ordinary recipro- 
cating engines, to wit, by pressing at proper times upon pistons 
of proper stnicturM. 

" Sixthly, to produce, by means of steam motions round axes, 
you intend sometimes to employ reciprocatory joined to other ma- 
chines, but more frequently steam-vessels of forms fitted to diifer- 
ent purposes. These steam-vessels will be mounted on axes, and 
will conta'n ve'ghts e ther solid or fluid, or partly solid and 
partly fl 1 nhi h e ghts, or the centres of their gravity, being 
constantly whist the engines work, pressed by steam beyond 
planes perpen 1 ular to the horizon, and in which planes the asM 
will lie will ause mot ons of the steam-vessels. 

"Seventhly n these last-mentioned engines, in which steam- 
vessels must move round axes, on some occasions you intend to 
use the condensers described above ; but on otters, to discharge 
the steam from the steam- vessels, through proper outlets, into the 



" Lastly, to render pistons and other parts of the machinery 
air and steam-tight, instead of water you design to employ paper 
and pasteboard prepared witli oils, oils themselves, or lat of ani- 
mals, quicksilver, or melted metals." 

Dr. Small adds, in a part of his letter written two days later, 
"I am certain that, from such a specification as I have written, 
any skilful mechanic may make your engines, althongh it wants 
correction ; and yon are certainly not obliged to teach every block- 
head in the nation to construct masterly engines," The form of 
specification thus prudently recommended, diflered but slightly 
from that ultimately adopted, which was signed and sealed oa the 
25th of April, and enrolled on the 29th of that month. 
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This letter was accompanied by one from Mr. Boulton,* in 
which he says that Dr. Roebuck bad offered bim " a sbare of his 
property in the engine, as far as respects the counties of Warwick, 
Stafford, and Derby," and then goes on : "I am obliged to you 
and bim for thinking of me as a partner in any degree ; but the 
plan proposed to me is so very different from that which I had 
conceived at the time I talked with you upon that subject, that I 
cannot think it a proper one for me to meddle with, as I do not 
intend turning engineer. I was excited by two motives to offer 
you my assistance — which were, love of you, and love of a money- 
getting, ingenious project. I presumed tbat your engine would 
require money, very accurate workmanship, and extensive corre- 
spondence, to make it turn out to the best advantage ; and that i 
the best means of keeping up the reputation, and doing the inven- 
tion justice, would be to keep the executive part out of the bands 
of the multitude of empirical engineers, who, from ignorance, \ 
want of experience, and want of necessary convenience, would be 
very liable to produce bad an 1 inacc irate workmanship ; a!l which j '■ 
deficiencies would affect the repfation of the invention. To rem- 
edy which, and to produce the most profit my idea was to settle \ 
a, manufactory near to ray o vn l v the side of our canal, where I , 
would erect ^1 the conveniences necessary for the completion of \ 
engines, and from which muiniifactory we would serve all the 
world with engines of all sizes. By these means and yuur assist- 
ance we could engage and instruct some excellent workmen, who 
(with more excellent tools than would be worth any man's while 
to jrxure for one ngle engine) uld execute the invent o i 20 
percent cheiper than t wouH le otherwise executed and with 
as great a d ffereoce of accuracj as there is bet^veen the black- 
smith and the mathematcil nstr men t maker It \ould not be 
worth my while to make for tl ree count es on!j b t I find it 
very well worth my while to make for all the world. 

" "What led me to drop the bint I did to you was the possess- \ 

* 7 Februftry, 1709. ( 
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ing an idea that you wanted a midwife to ease you of your bur- 
then, and to introdnce your brat into the world, which I should 
not have thought of if I had known of your pre-engagement ; 
but as I am determined never to embark in any trade that I have 
not the inspection of myself, and as my engagements here will 
not permit me to attend any business in Scotland, and as the 
Doctor's engagements in Scotland will not, I presume, pennit his 
attendance here, and as I am almost saturated with nndertakinga, 
I think I must conclude to . No, you shall draw the eon- 
elusion ; yet, nevertheless, kt my conclusions be what they will, 
nothing will alter my inclinations for being concerned with you, 
or for rendering you all the service in my power ; and although 
there seem to be some obstructions to our partnership in the en- 
gine trade, yet I live in hopes that you or I may hit upon some 
scheme or other that may associate us in this part of the world, 
which w^ould render it still more agreeable to me than it is, by 
the acquisition of such a neighbour." 

Although the disappointing intelligence of the failure, so lar, 
of the negotiation with Mr. Boulton, reached Mr. Watt just after 
he had written to Dr. Eoebuck that from fresh trials of the en- 
gine, "its doing twice as well as the common [one] is, I think, 
absolutely certain, from what Mr, Jatdine saw, and there is Uttlo 
reason to fear but what it will do all we expected," he did not 
allow it to interfere with the continuance of his experimental im- 
provements. On the 22d of 
February he thus describes a 
further alteration of the con- - 
denser, with which he 
much pleased : — " In the pis- 
ton of the condenser there 



C inches ; contains 18 cubic 

inches water. The pipe b of the condenser is surrounded with an 

outer pipe; cold water runs between. The pipe b and box 
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e contain above 9 culiic icches water; at c is a eliding valve 
which ia opened, and kept open for a little space when the piston 
a is at the lowest. The mouth of the pump being above water, 
the piston, when it was at top, threw out almost all the water 
contained above it ; when it is at the bottom, the water in the 
cistern runs in it at the valve c and fills the pump up to the level 
of the water in the cistern, and by that means pats out the water 
heated in the last stroke ; when the piston is raised the valve ia 
shut, and the steam, or what of it is not condensed, pushes the 
water before it into the pmnp, and endeavours to follow it into 
the pump, but is condensed with a crack. It is not posBible, if 
the water be cold, that any of it can survive this operation ; and 
the machine is simple and works easy. I propose working the 
condenser by a waterwheeL" On the 14th of March be says : — 
"I this day made trial of the power of the engine, and found 
that, after it was clear of air, it readily lifted 620 lbs., and, I be- 
lieve, would have lifted more, but had none at hand. The whole 
pressure on the piston is about 740 lbs. ; this was with a steam 
not able to support above one, or at most two inches of mercury ; " 
and, two days after, " Since I wrote you I added 80 lbs. to the 
load of the engine, making in all 704 lbs. net, which it lifted 
easily. However, the additional weight being a large mortar and 
inconvenient, I took it off and wrought it a few strokes with the 
624 lbs., which it raises on half a revolution of the handle of the 
condenser, or the stroke of our pump. This seems to depend 
wholly on the coolness and quantity of water that passes through 
the condenser, which I have an easy method of increasing. I 
find this cylinder, being of cast-iron, and near one-eighth inch 
wider at one end than it is at the other, is not so steam-tight 
without oil as the block -tin one I had last was ; I therefore make 
use of the oil-pump and train-oil, which answers perfectly well, 
keeping a constant circulation. The best and cheapest cylinders 
will be of block-tin; they will be defended from external injuries 
by the wooden case, and have nothing to fear from the inside." 
Not only was the " tolerably tight piston " here spoken of 
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rather difficult to execute, but tie condenser also was constantly 
undergoing farther variations. Its purapg were made " friction- 
less," but then, they " afforded a lodgment for air ;" that plan 
"was therefore rejected, and block-tin cylinders put in its place. 
These cylinders," he says, "are 3^-inch diameter; the pistfln 
moves np aii^fdown 1^ inch ; the piston-stalks are suspended on 
a. beam on'edges ; the beam is made to vibrate by means of two 
spiral wheels that press down first one end and then the other. 
This spiral puts them down very quick in the first part of its mo- 
tion, hut during the last fourth of its revolution it only moves 




them I^ inch, that being the only time that anything beside fric- 
tion opposes its motion, as it is then putting out its water and 
raising the whole power of the air on the other piston. During 
this part of the revolution, the valve at bottem is opened by a 
trigger, having little to oppose it, as that lobe of the condenser is 
then a plenum; then the water surrounding the condenser being 
higher by six inches than the top of the pumps, rushes up through 
tjie condenser and pump, and cools it. On trial, the condensa- 
tion is more rapid than ever, the force necessary to move the con- 
denser much less than you could well imagine, and the ease of 
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execution quadruple what it erer was of any former condenser, 
for instance. This one is made of wood aad block-tin." 

Then comes a very early intimation of a most important prin- 
ciple, afterwards applied, with tlie heat effect, in the manufacture 
of the improved engine, and included hy Mr. Watt in his patent 
of 1782 ; viz., the use of the expansive force of steam as it 
rushes into a vacuum. Of this, it appears from one of his letters 
to Mr. Boulton, written in 1781, that he had thonght in 1767 ; 
but he here most clearly sets it forth, as especially applicable to 
the wheel or circulating engines, which continued to divide his 
attention with reciprocating or condensing ones: — "I mentioned 
to you'a method of still doubling the effect of the steam, and 
that tolerably easy, by using the power of steain rushing into a 
vacuim), at present lost. This would do a little morethan double 
the effect, but it would too much enlarge the vessels to use it all ; 
it is peculiarly applicable to wheel-engines, and may supply the ■ 
want of a condenser where force of steam is only used; for, open i, 
one of the steam-valves, and admit steam until one-fourth of the i' 
distance between it and the next valve is filled with steam ; shut 
the valve, the steam will continue to expand, and to press round 
the wheel with a diminishing power ending in one-fourth of its i 
first exertion. The sum of this series you will find greater than 
one-half, though only one-fourth steam, was used. The power 
will, indeed, be unequal, but this can be remedied by a fly, or ' 
several other ways." 

Gradually the completion of the engine "in great" at Kin- 
neil approached : by 5th July, 1769, almost every part of it was 
ready for putting together ; the boiler was set, the great beam 
hung ; the condenser finished " much to his liking," with two 
pumpa of tin, 9 inches in diameter, and the rest of it hardened 
lead, fastened to a strong frame of wood. The iron cylinder, 
(enclosed in another of wood,) the piston-rod, and piston, " the 
best Carron could produce," were yet "not over good," the cylin- 
der being in one part oval, either from an inaccuracy of the mould 
in which it had been cast, of the action of the tool by which it ; 
Itad been bored, or from some injury 
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and the adjusting and fitting together of all the parts occupied n 
long time. Yet at last, early in September, it was set to work; 
and, although the first trial did not appear to be decisive either 
way, chiefly owing to the inequality of the cylinder and conse- 
quent untightness of the piston, letting both the steam that 
drove it and tlie oil that "packed" it escape, yet Mr. Watt felt 
that he was still allowed " to flatter himself with hopes," — too 
often now his only indulgence. " The boiler with a small fire," 
he says, " easUy supplied more steam than we could destroy, al- 
tliough there were many outlets for it, which we took no care to 
stop, being employed otherwise. The boiler-top and wooden cyl- 
inder were very tight, as were all our vacuum joints and valves ; 
the plates that let out steam were at the man-hole door and at the 
screws that fastened the steam-box to the wooden cylinder, which, 
had other things been right, we should soon have corrected. The 
only conclusion I can draw from this trial, is, that supposing we 
cannot employ oil to keep the piston tight, and that we cannot 
make it better than we had it, it would work easily with 8 lbs. on 
tKe inch, and would not consume above half the steam used by a 
common engine. Even this I wOl not positively affirm, although 
I think there is reason to believe it." To correct the elliptical 
error of the cylinder, he proposed hammering it from the outside 
on a truly cylindrical block of wood within, and making future 
cylinders of copper, for the convenience of such adjustments, in- 
stead of relying on the bad casting and boring of iron in those 
days; while soon ^terwards he thus describes a new sort of 
condenser, which lie called the pipe-condenser; — "The new 
condenser consists of two sets of pipes, eight in each set, 

thus : — ooao oooo' '^^^ *^® ^^'* ^ ^"'^^ diameter and 
18 inches long, 16 inches of which will be evacuated [at] each 
stroke of the pump ; they are to be 4 ^^ '^^'^^ distant from one 
another in all directions ; each set is to be surrounded at ^ an 
inch distant in a bos of wood, through which cold water can 
be made to run at pleasure. They are joined at top by a 
thin cast-iron box, through which they communicate with the 
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steam. It is made sloping at the ends, that as little use- 
less water as possible may be ia circulation. They are joined 
at bottom by another cast-iron box, through which they commu- 
nicate with the pumps, which are of copper, 5 inches diameter ; 




s of wood prevent their communicating with one 
another, the box being continued, only for strength. It was in- 
deed originally made with an intention to have no communication 
at top, but the steam to enter at a, by which means the valves 
needed only he water-tight, whereas they must be air-tigtt above ; 
but on condensation the steam, whenever it entered, (which would 
be as soon as any part of the pipes was empty,) would rise, or at- 
tempt to rise, through the water in the pipes, and would heat it ; 
but the piston of the pump still ascending, that water would de- 
scend into the box below, and part might get into the pump, and 
be there converted into steam ; not being exposed 1« much con- 
densation at best, if it got no further than the box it would re- 
main warm rmtil the cold of the pipes made a vacuum, when it 
would boil and go to them to be condensed, and it is much to be 
feared that this heating and cooling might prolong the time of 
condensation I have sometimes thought that something of this 
kind happened in the other condenser, and concurred with other 
devils to plague me ; and indeed I was so out of humour with 
myself and it, I did not try all experiments I might have done to 
clear tliat up. I make use of the same beam and crank I had be- 
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fore, only I place these pumps at tte extremities of the beam, 
where they have ahout four inches stroke. The way the crank is 
applied I think simple, yet answers as well as a crank can 
answer." 

After the experiment at Kinneil had afresh inspired hjm witli 
at least partial confidence, which, however, he always is careful to 
s with great modesty, Mr. Watt pressed Dr. Koehuck, who 




was then about to set out on a journey into England, to try to con- 
clude some bargain with Mr. Boulton ; "which," he says, " even 
though it should appear a little hard for us, I would wish you to ac- 
cept, from the following considerations ; — 1st. From Mr. Boulton's 
own character as an ingenious, honest, and rich man. Tou know 
himmncli better than I do, but the worst I have ever heard of him 
amounted to his being a projector. 2ndly. From the difficulty and 
expense there would be of procuring accurate and honest workmen, 
and providing them with proper utensils, and getting a proper 
overseer or overseers. If, to avoid this inconvenience, you were 
to contract for the work to be done by a master-workman, you 
must give up a great share of the profit. Srdly. The success of 
the engine is yet far from being verified. If Mr. Boultoa takes 
7* 
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his chance of sutce'.s from the account I shall write Dr. Small, 
and pays you any adequate share of the money laid out, it lessens 
your risk, and in a greater proportion than I think it will lessen 
your profits. 4thly The assiatance of Mr. Boulton's and Dr. 
Small's ingenuity (if the latter engage in it) in improving and 
perfecting the machine may be very considerable, and may enable 
us to get the better of difflcultiea that might otherwise damn it. 
Lastly. Consider my uncertain health, my irresolute and inactive 
disposition, my inability to bargain and struggle for my own with 
mankind ; all which disqualify me for any great undertaking. 
On our side, consider the first outlay and interest ; the patent ; 
the present engine, about 200?. (though there would not be much 
loss in making it into a common engine) ; two years of my time, 
and the expense of models." 

While thus, on the one part, .it had come to be a question with 
the inventor, whether there would be " much loss " in converting 
the machine which was to revolutionize the whole face of the h.ib- , 
itable globe, "into a common engine," on the otlier, both Mr. 
BouUon and Dr. Small had in the meantime engaged most of 
their money in other affairs : — " I am really sorry," quietly writes 
Mr. W. to the latter, "on my own account, that your engage- 
ments hinder yon from entering into our scheme ; for that ought 
to be the result of your deliberation. Though there are few 
things I have wished more for than being connected with you, 
on many accounts, yet I should be very loth to purchase that 
pleasure at expense of your quiet, which might be the case if you 
involved yourself in more business than you could easily manage, 
or, what is worse, find money for. Besides, this is not a trade, 
but a project. !No man should risk more money on a project than 
he can afford to lose. I must, however, beg the favour of writing 
to you as though you were concerned."* 

And Dr. Small, not outdone in either generosity or true 
friendliness, at once replies -.t — " Nothing will give mo more 

, • October 21, 1769. t 6 November, 1769. 
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pleasure than to contribute in any degree to yoiir prosperity, 
whether I can become an associate with you or not. Although I 
hate debts, yet on this occasion I have ventured to propose bor- 
rowing money from the only persons to whom I would be obliged 
in that manner. Should it suit them to accommodate me, I will 
accept Dr. E.'s offer immediately, as will our friend Boullon." 

And again ; — " I had your letter three days ago, and have 
held several conversations with our friend Dr. Roebuck about the 
scheme. He goes to London to-morrow, to stay one week, and in 
that time Eoulton and I shall determine whether we can accept 
the offer he has been so obliging as lo make us. Unluckily we 
have botlr just engaged in another scheme, which will very speed- 
ily require all the ready money we can at present spare, and I 
have a vast aversion to borrowing, although I would sooner bor- 
row on this occasion than on any other I know, both because the 
engine must succeed, ami because it is your affair. * • Your 

1 detail about the engine I have considered very carefully, and am 
in no degree discouraged. * * Boulton and I will do anything 

1 we can do to have you here, and to forward your success. Dr. 

I R.'s proposal is perfectly agreeable to us ; only as to me it is un- 
fortunately made after the engagement of very near all my 
money. You shall hear from us again in Jess than a fortnight. 
In the meantime favour me with a few lines. All your friends 
here think of you with the highest esteem."* 

The following was Dr. Roebuck's very moderate, and, indeed, 
liberal offer, referred to by Dr. Small ; dated Birmingham, Nov, 
28, 1769, and addressed " To Dr. Small and Mr. Boulton," 

" Gentlemen, — Whereas Mr. James Watt has assigned to me 
two-thirds of the property of the patent of the steam-engine, 
which he took out some time in the course of the last winter, I 
•hereby offer you one-half of the above two-thirds, or one-third of 
the whole patent, on condition that you pay to me such a sum, 
not less than one thousand pounds, as you, after the experiments 

• 10 October, 176». 
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of the engine shall be completed, ahall think jast and reasonable ; 
and twelve months from this date you are to take your fimd reso- 
lution. I 1 hi y If t 1 M 'V^ tt t to this 
agreement Imgtlm j bdt tjhn Eoe- 

It at n tt d ly t — I h t m nly to 

say," wr t D Sm 11 t M W tt th t M B ulto and I 
haye agrdwthDEbk— h p MWtt epliea, 
" I rece d y d h k hand th j d M Boulton 

on oar n w t hi h I h p w 11 j hi to us 

aU." 

The fi 1 It: 
as to he t k th 

have he h t 1 

but soon ft th 1 1 m 
to spreal C t B 

vering ft hi t 

eral crash Th 
further ta d d 
pateitt, d tt mpt 

honourahl d d I 
dent, al! 1 k 

Small,* th t ! th B ult 
much m f m 1 

than from thf [1 thtfj PI s and 

happy, we do not care whether jou had the scheme worth prose- 
cuting or not." " I do fear," writes Mr. Watt,t " that in this af- 
fair I may have urged you too far and with too little delicacy ; 
and that you have some reason from them to think more meanly 
of me than I deserve. I assure you, whatever I have said as to 
price, Ac, I only meant in respect to my friend the Doctor, who 
I am of opinion ought out at present to risk anything of conse- 
quence, and has too much at stake in the matter. As to myself, 

• IT September, 1770, + To Dc. SmiJI, August, 1772. 
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I have never thought of receiving money for any part of my own 
property in it, and shall perhaps he willing to hold a much smaller 
share in it than you would ask me. Although I am out of pocket 
a much greater sum upon these experiments than my proportion 
of the property of the engine, I do not look upon that money as 
the price of my share, but as money spent upon my education. 
I thank God that I have now reason to believe that I can never, 
while I have health, he at any loss to pay what I owe, and to live 
at least in a decent manner. More I do not violently desire." 

And again* — "I pursued my experiments till I found that the 
expense and loss of time lying wholly upon me, through the dis- 
tress of Dr. Roebuck's situation, turned out to be a burthen 
greater than I could support ; and not having conquered all the 
difficulties that lay in the way of the execution, I was obliged for 
a time to abandon the project. Since that time I have been 
able to extricate myself from some part of my private debts, but 
am by no means yet in a situation to be the principal in so 
considerable an undertaking. The Doctor's affairs being yet 
tax from being reinstated give me little hope of help from that 
quarter ; in the meantime, the time of the patent is running on. 
It is a matter of great vexation to me that the Doctor should he 
out 90 great a sum upon this aflfair, while he has otherwise such 
pressing occasion for the money. I find myself unable to give 
him such help as his situation requhes ; and what little I can 
do for him is purchased by denying myself the conveniences of 
life my station requires, or by remaining in debt where it galls 
me to the bone to owe. 

"Notwithstanding my natural despondence, I am convinced 
that the machine may be made to answer in a very considerable 
degree, and in more forms than one, but that I am by no means 
. a proper person to carry it into execution. 

"The Doctor is on the contrary too sanguine, and always 
thinks things easier than they ate. His present exigencies may 

• To Ihe Eame, 30 Angust, 1773. 
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also tempt him tomtp lih tmfh.jp rty 
it than it is really th B t I i t f j 1 11 th k t 
worth while to e t th t y w U 1 th g him h t 

you judge thevl fttju, db t mp to 
vince him of its b i ^ 1 . i te est to accept ft I sh 11 le 
content fo hold a very small share in it, or none at all, provided 
I am to be freed from my pecuniary obligations to him, and have 
any kind of recompense for even a part of the anxiety and ruin 
it has involved me in." 

* * "As to the engine, I am not afraid of being able to 
carry it on with a small capital, or abnoet none, provided the 
success was certain, or that I was in such circumstances as to he 
able to make the necessary experiments for establishing its merit. 
I have often mentioned to you that nothing gave me so much 
pain 33 the having involved Dr. Boebnck so deeply in that con- 
cern ; and when I wrote you last, I would willingly have given 
up all prospect of profit to myself from it, provided he could have 
been indemnified. He isnowivUlingto part eitherwith the whole, 
or the greatest part of his property in it, upon such terms, as I 
dare say, in better times you and Mr. B. would have had no 
hesitation in accepting. Since Dr. E. saw you he is totally dis- 
appointed of the lease of the colliery at Wemyss, and was here 
lately in lower spirits than I ever saw him. His enterprising 
mind being by that means turned off from the coal schemes, his 
Bo-ncss affairs going on badly, and he having no voice in the 
management of tiiem, he had turned his thoughts toward the 
engine, and flattered himseK he could finish tlie experiment on 
a small engine, not recollecting that I had been sufficiently 
successful with an engine of that size formerly, and that it was 
only in the 18-inch engine that the difiScnlties appeared. I have, 
however, dissuaded him from it, as without flatteiing myself, I ■ 
cannot imagine that he can find out in a few days all the difii- • 
culties, and the means of avoiding them, which have cost me so 
much labour. I bad also two other reasons against it, the ex- 
posing the contrivance to ignorant strangei^, and that he could 



dty Google 



DR. roebuck's CONTINGEKT TRANSFER. 159 

not go on with it without directions, plans, and visits from me, 
which, ill my present situation I camiot make. 

" I talk of interesting you more in the success, because 
generosity ought to go a small way in directing our actions, and 
you have hitherto had little other motive excepting a promise 
of heing concerned if we could agree upou terms. We may 
disagree ahout terms ; we may from caprice or interest hreak that 
promise ; or wo may suddenly he called by death to another 
state, and our heirs may laugh at any promise tliat is not written 
upon stamped paper. Consider what I have said. Consider also 
that Dr. K. owes Mr. Boulton money, which will go in part of the 
price, which can never he so low as at present. I am sorry that 
there is occ^ion to ask a price, but it cannot be helped ; the 
Doctor's circumstances oblige him to demand it if he parts with 
any great part of the property. 

"I by no means intend to insinuate by this that I consider it 
necessary that yon should pay down a sum of money before we 
would assign, to you any part of the property; on the contrary, I 
think that you and Mr. B. ought to have a certain share without 
advancing f« the Doctor or me, provided you took upon you the 
charge of the future experiments, and of finding money to carry 
on the business in case of success. What that share should be 
must be the result of some conversation between us. But I 
would much rather have the matter so settled that at least the 
half of the property should belong to Mr. B. and you. At any 
rate let us be on such a footing, that the experiments may go on, 
and the matter he concluded."* 

There can be no doubt that even this contingent transfer of 
one-third of the property of the patent to his two friends was 
of some comfort to the now drooping spirits of the poor inventor ; 
he much liked Boulton and Small, he valued their personal attach- 
ment, admired their mechanical ingenuity, and clear-sighted yet 
liberal buBiness views and habits, and it was pleasant to him to 

* To Dr. Small, 7 November, 1773, 
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be coBcerned with them even witkout much hope of immediately 
increaaiug his own fortune. Such hope, indeed, began to appear 
even more distant than ever ; for it was now more than four years 
since "the capital improvement" had "flashed upon his mind, 
and filled it with rapture ; " yet still, though fortified with a 
patent, and satisfied of the value of his invention, could it only 
he duly exemplified and carried out, he found himself left without 
any profitable return, and even involved in some debt. This was 
not yet, it is true, of any large amount, but still sufficient io 
begin to throw a lengthening shadow in the sunshine of his life ; 
for "it cut him to the hone to owe" His family, also, hid in- 
creased, and he had now attained to the onerous dignity of being 
the father of three children , but, unhappdy, without receiMug 
that triple proportion of corn, which, among the Eomans, the 
"jus trium liberornm" brought with it Those little ione«, 
" whose crying was a cry for gold," were not to be stilled bj the 
baser metal of a badly cast Carron (.jbnder, or the ' bloLk-tin 
and hammered lead " of a Glasgow condenser. So that we can- 
not wonder to find him writing, as he did some time before the 
acceptance of Eoebuck's proposal, — " I am resolved, unless 
those things I have brought to some perfection, reward rae for 
the time and money I have lost on them, if 1 can resist it, to in- 
vent no more. Indeed, I am not near so capable as I was once. 
I find that I am not the same person I was four years ago, when 
I invented the fire-engino, and foresaw, even before I made a 
model, almost every circumstance that has since occurred. I was 
at that time spurred on by the alluring hope of placing myself 
above want, without being obliged to have much dealing with 
mankind, to whom I have always been a dupe. The necessary 
experience in gjeat was wanting ; in acquiring it I have met 
with many disappointments. I must have sunk under the 
burthen of them if I had cot been supported by the friendship of 
Dr. Eoebuck. * • I bave now brought the engine near a con- 
clusion, yet I am not an idea nearer that rest I wish for than I 
was four years ago. However, I am resolved to do all I can to 
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carry on this business, and if it does not thrive with me, I will 
lay aside the burthen T cannot carry." 

And again, in March, 1770 ; — " It is a damned thing- for a 
man to have his all hanging by a single string. If I had where- 
withal to pay the loss, I don't think I should so much fear a fail- 
ure, but I cannot bear the thought of other people becoming 
losers by my schemes, and I have the happy disposition of always 
painting the worst." 
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In this state of matters, every employment that enabled Mr. 
Watt to earn an independent income, and served to relieve hia 
mind, now too constantly occupied with anxious and uncom- , 
fortable thoughts, was doubly welcome ; and he was gradually 
led more frequently to forsake the solitary vigOa of his work- 
sliop in the city, for the active labours of his profession of a 
civil engineer. " Somehow or other," as he modestly expresses 
it, — or, as we cannot doubt, from his ability and integrity having 
now become well known, — the magistrates of Glasgow had for 
two or three years past employed him in various engineering 
works of importance. In 1769 he made a survey and estimate 
for a navigable canal from the collieries at Monkland in Lanark- 
shire to the city of Glasgow, which was carried out under his 
own directions and superintendence, to the great advantage of 
the public as well as of the parties to the undertaking. 

"I somehow or other," he says," "got into the good graces 
of our present magistracy, who have employed me in engineer- 
ing for them, (as Mr. Smeaton terms itj ; among other things I 

* To Dr. Small, 12 December, 1769. 
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have projected a canal to bring coals to the town; — for though 
coal is everywhere hereahout in plenty, and the very town stands 
npoD it, yet measures have heen taken by industrious people to 
moaopolize it and raise its price 50 per cent, within these ten 
years. Now this canal is nine miles long, goes to a country full 
of level free coals of good quality, in the hands of many proprie- 
tors, who sell them at present at Gd. per caxt of 7 cwt. at the pit. 
There is a valley from Gclasgow to the place, but it has a rise of 206 
feet perpendicular above our river ; I therefore set that aside, and 
have found among the hills a passage, whereby a canal may come 
ivithin a mile of the town without locks, from whence the coals 
can he brought on a waggon-way. This canal will cost 10,000/. 
— is proposed 16 feet wide at the bottom, the boats 9 feet wide 
and 50 feet long, to draw 2^ feet of water." 

"Vanity, also," he adds,* "bade rae tell the Glasgow people 
they might be served as well at home as by strangers, The time 
has not heen thrown away, for the vaguing f about the country, 
and bodily fatigue, have given me health and spirits beyond what 
I commonly enjoy at this dreary season, though they tmuld still 
tJiole amends. Hire yourself to somebody for a ploughman j it 
will cure ennui." 

And, although " a determination that everything should 
y Id t the ngm led liim to refuse going to London with 
the Bdl f tl M nklan I Canal, yet, after the Act for it had 
be n btam 1 and he as again asked to superintend the exe- 
cut on ot the anal h lelt himself obliged not to refuse that 
eqa t 1 1 a 1 n choice," he 6ays,J " whether to go on 

w th the espermients oa the engine, the event of which was un- 
certain, or to embrace an honourable and perhaps profitable em- 
ployment, attended with less rjjk of want of success: — to carry 
into execution a canal projected by myself with much trouble, or 
to leave it to some other person tiiat might not have entered into 

" rujiw eipeditua."— Hoa. 



dbyGoo<^le 



164 



LIFE OF WATT, 



my views, and might have had an interest to espoee my errora ; 
(for everyhody commits them in those cases.) 

" Many people here had conceived a much higher idea of my 
abilities than they merit; — they had resolved to encourage a 
man that lived among them rather than a stranger. If I refused 
this offer I had little reason, to expect such a concurrence of 
iavourahle circumstances soon. Besides, I have a wife and chil- 
dren, and saw myself growing gray without having any settled 
way of providing for them. There were also other circumstances 
that moved me not less powerfully to accept the offer ; which I 
did; though at the same time I resolved not to drop the engine, 
but to prosecute it the first time I could spare. 

" Nothing is more contrary to my disposition than hustling 
and bargaining with mankind : — yet that is the life I now con- 
stantlylead. Use and exertion render it rather more tolerable 
than it was at first, but it is still disagreeable. I am also in a ' 
constant fear that my want of experience may betray me into \ 
some scrape, or that I shall be imposed upon by the workmen, : 
both which I take all the care my nature allows of to prevent. I \ 
have 1 cen tole ably 1 ety j et I have cut s m more than a mile ^ 
of the canal bes de a most nfo led ga h n a hill, and made 
a br dge and si me tunnels f r all hjch I th nk I am within the 
cstunate notwiths ^n I ng he so 1 has been f the very hardest, 
} ack or red clay engra ned n th stones. We are out 

45(1 — of h h abunt 5)^ for u en,i!s: onr canal is 
IT v ater and s xteen feet bo tom I I ave for managing 
200^ per ^nnura I be to v up n t generally about 
three or fo ir days n the eek du mg h h time I am com- 
monly very busy, as I have above 150 men at work, and only one 
overseer under me, besides the mj^ertakere, who are mere tyros, 
and require constant watching. The remainder of my time is taken 
up paj-tly by headaches and other bad health, and partly by con- 
sultations on various subjects, of which I can have more than I am 
able to answer, and people pay me pretty well. In short, I want ■ 
little but health and vigour to make money as fast aa is fit. 
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"Now, Doctor, if yoTi and your friend Hygeia can impart 
to me these blessings, I may be a riob and a happy man : other- 
wise, I can scarcely be either. I espect soon to have another 
touch at the engine." 

In December, 1770, he writes: "Notwithstanding the des- 
perate weather I am almost constantly at the canal- It costs me 
many a fit of chagrin; shows me many of my imperfections, ifec; 
but for all that, I find myself more strong, more resolute, less 
lazy, less confused than I was when I began it. However, I have 
no abatement of my headaches, in quantity or quality. I found 
the other day," he soon afterwards adds, " upon considering my 
circumstances, that, supposing the engine to stand good for itself, 
' I am able to pay all my debts, and some little thing more ; so 
that I hope in time to be on a pai' with the world. But I must 
say that my present life is a life of much vexation, besides 
\ bodily fatigue, of hunger, cold, wet feet, i&c., which I could not 
t endure had I the least of the gout, the gravel, or many other 
'.diseases. I don't know how it is, but I think my health rather 
.', bettei> in tliese gloomy months of December and Novem.ber than 
/it was in summer. I have a hundred men at work just now, 
a great bill we Iiave wrought at this twelvemonth. The 
of our clay grounds is at present inconceivable; the 
quantities of rain have been beyond measure. 

"Our canal has not stopped, but is likely to do so, from our 
having expended the subscription of 10,000/- upon seven miles 
of the navigation, and having about two miles yet to make. 
We have, however, made a canal of four feet water for one of 
three feet subscribed to, and have also paid most abominably for 

" I decline only being the manager, and not being engmeer. 
I wrote you before how grievous that first part of the bu-siness 
was to me, and it daily becomes more so. Everything has been 
turned over upon me, and the necessary clerks grudged to me ; I 
am also indolent, and fearfully terrified to make bargains, and 
hate to settle accounts. Wliy, therefore, shall I continue a slave 
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to a hatefdl employment, while I caa otherwise, by surveys and 
consultations, make nearly as much money with half the labaur, 
and, I really think, with double the credit? for a man is always 
disgraced by taking upon him an employment he is unfit for. I 
haie no quality proper for this employment but honesty, which 
reproaches me for keeping it so long 

"Remember, in recommeniing me to business that what I 
can promise to perform is, to make an accurate survey and a 
faithful repcrt of anj-thmg m the engmeer way, to direct the 
course of cjnali , to lay out the ground and to measure the cube 
yards cut, or to he cut , to asuist m hdrgammg lor the price of 
work, to direct how it ought lo be executed, and to give my 
opinion of thi execution to the managers from time to time 
But I can upon no account have anything to do with work- 
men, cash, or workmen t accounls, nor would I choose to be so 
bound up to one object that I could not ociasionalh serve such / 
friends as might employ me for smaller matters. Eemember also / 
that I have no great experience and am not enterprising, seldom/ 
choosing to attempt things that axe both great and new; I am\ 
not a man of regularity 'n business and have had health Take 
care not to gne an>l ody a better opinion of me than I deserve I 
itf will hurt me in the end '* 

The cheapness of jour canal observes his able aoi eeal 
ous friend and correspondent astonishes me who have con 
tnbuted to pay al out 4500? fur each mile of another wh ih 
locks excepted had no difficulties to be compared with tlwae you 
have surmounted Among other instances of our wisdom we 
have employed engineers clerk hcid carf enters Ac id such 
swarms that their salaries have amounted to 1200/ per annum 
And yet so invmciHe a propensity have mortal men t) being 
duped that the strongest and (.lej,rest remonstrances and even 
want of mtncy eo ill not enlighten us But let that pass I 
shall take care that the d fference of yo ir management shall be 
known 

* ToDr, Small, 7 November, 1773. 
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" Tou comphin " he says a fortnight later " I have not been 
snfficiently part cular about o r canal As t the canal itself 
it will, I hope hj <" 1 rial nas be complete f r seven miles and of 
immediate an 1 profltil le n e 1 e ause e en from that termmat on 
we can afford t undersell others 

[Thenfolloivs a part lar lescrpton w tl mea urements m 
cubic yards anl superfi al feet respect vely of the var ous 
cuttings, emlaiiLments br Iges t nnels an I other works of the 
canal.] 

" Our whole exj ense act, surveys &c v 11 be al out 10 0001 
spent, I la e surveyel levell d pla neJ stated out and 
measured tiie c be yarls cut of the whole personally I have 
also made birga ns s per ten led the nork anl a countfl and 
by mysell aad one clerk pa d the ash I have to tl e I -trga n 
been ohiig d to o e bee e ery p ece of rk that was the least 
j out of the common road. I am now, m spite ol a most [mclem- 
I ent] season, from five to six hours in the fields every day, and 
iiide about ten miles. This is the one side. On the other, I am 
extremely indolent, cannot force workmen to do their duty, have 
/ been cheated by undertakers and clerks, and am unlucky enough 
to know it. The work done is slovenly, our workmen are bad, 
and I am not sufficiently strict; I am happy in the friendship 
of the prmcipal residing proprietors, and am welcome to their 
houses as to my own, otherwise my wretched health could not 
have borne the fatigues I have undergone. "What provokes me 
most is, that I am sensible that most people could in the same 
time have done much more and better work, possibly with as 
little trouble to themselves. I would rather face a loaded cannon 
than settle an account or make a bargain. In short I find myself 
out of my sphere when I have anything to do with mankind ; it 
is enough for an engineer to force Nature, and to bear tlie vexation 
of her getting the better of him. Give me a survey to make, and 
I think you will have credit of me ; I can draw tolerably ; set me 
to contrive a machine, and I will exert myself; in whatever way 
you choose to employ me, I shall endeavour to follow jonr advice." 
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For two years and a haJ^ from June, 
1770, to Decenilier, 1772, Mr. Watt filled 
his offite of engineer to the Monkland 
Canal, at his salary of 2001 pet annum ; 
which he considered a liberal allowance, 
and which he only resigned on the enm- 
pletion of that work, and his increasing 
engagements in other business of a similar 
kind. It was in the course of hia cor- 
respondence in regard to these canals, that 
Dr. Small having mentioned the detire 
which Mr. Boulton and he entertained of 
moving canal-boats by the steam-engine, 
(which ttey at first proposed should he on 
the high-pressure principlej : — " Have you," 
says Mr. Watt in his reply, "m.'er consid- 
ered A .Spiral Oak for that purpose, or 
are you for tivo wheels?"* And to make 
his meaning quite plain, he accompanies 
his question by this rough sketch of a 
Screw Propeller: even in the number 
of turns of the spiral not differing very 
greatly from such as in our own days, from 
a wide range of the most careful experi- 
ments, have been found to he best fitted 
for the purpose. The accompanying wood- 
cut gives a faithful fac-simile of the remark- 
able passage in which this idea was started, 
and which so well desej'ves to be considered 
as adding another laurel to those which al- 
ready adorn the name of Watt. 

"Unfortunately for the success of the 
project at that time, Dr. Small in his re- 



* To Dp. W. SmoJI, 8 



h Septembsr, 1770. 
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ply observed, — "I have tried models of sjjJial oars, and have 
found them all inferior to oars of either of the other forms; I 
believe, because a cylinder of water immersed in water can be 
easily turned round its axis. This, I dare say, you perfectly 
know, so more need not be written. * * * * It is a great 
misfortune that spiral oars are hut indifferent." Dr. 8. appears 
to have understood the proposal as being for two oars, one on 
either side of the boat ; whereas there can he little doubt that 
Mr, Watt, from using the singular, " a spiral oar," as opposed to 
ttvo wheels, as well as from the very distinct explanatory sketch 
which he added with his pen, intended his propeller to work at 
the stern, as a boat is sculled by one oar. Thus, however, did it 
happen, that the project of the screw-propeller, to be worked by 
his own improved steam-engine, was propounded by James Watt 
eightg-eight years ago ; that, when propounded, it was, by the dis- 

, conragement of his friend, abandoned, or at least left in retentis; 

j and that only his suggestion of it hasremaincd tole d nt mbed 
■ at this distance of time, as a fresh instance f hi ngula nge- 

I nuity and foresight, and as one of the great t u os t e f vhat 

/ may already be termed the traditional hi t j f nj,me ring 

' antiquity ! 

In 1V70, also, he was employed by the Trust f the An- 
nexed Estates, (or the estates which in Bcofland had been for- 
feited to the Crown by tlie attainder of their owners for partici- 
pation in the rebellions of 1715 and 1745,) to make a survey for 
a canal from Perth to Cupar of Angus : — " I wrote you from 
Perth," he says to Dr. Eoebuck,* "on Sunday last, since which 
time I have been close employed viewing this country and exam- 
ining which would be the proper track for the canal, which I begin 
to survey to-morrow. You will, perhaps, think a week a long 
time to look about one; but it appears possible to make a canal 
from the hill of Kinnonl (opposite to Perth) to Forfar, which will 
measure above Sfi miles, and that without a lock. There is a 

* FromCuparof Anpiis. ISApriT, mo. 
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great deal of rough ground betwixt Perth and this place, but 
from hence to Forfar the ground is as well adapted as may be ex- 
pected in any country. This vaJley of Strathmore is about 18 
computed miles in length and sis in breadth, but not a dead flat, 
as we imagined; the soil in general good, and of all kinds, from 
sand and gravel to clay, though I have seen none so strong as the 
Kerse clay, and very little of the country so flat. Agriculture 
is more advanced hero than in some more southern parts of Soot- 
land. There are some small proprietors of land, bnt it mostly he- 
longs to great lords. There is here a great spirit of improvement, 
and great abundance of shell marl, but no fuel, except what is 
brought from Dundee over hills. « • j have had my 

health very well here, though much fatigued, aad sometimes very 
cold with the piercing winds from the snowy Grampians that form 
the north side of this valley." 

" My stay in Strathmore," he continues,* " was much longer , 
than I expected. I had to examine aad survey a country of 36 j 
miles in length, and to hunt about for a co ws f a nal hrough 1 
country where Nature had almost done hum p ent it ; ( 

indifferent health, and weather viciously 11 anl sto my, were i 
the attendants on my survey. The winds fr m he n y Gram- | 
pians, and snow even in the valleys a fo h k on h 10th of 
May, convinced me of the utility of what I was about , — for noth- 
ing can be more dismal than such weather in a country which na- ' 
ture and art have deprived of fuel." ;. 

And, thirty-sis years later, in answer to the Earl of Breadal- '■ 
bane, who, as chairman of a Committee for making a navigable i 
communication between the Tay and Loch Earn, had applied to ■] 
Government for part of the balances remaining from the forfeited 
estates, on the ground that such a grant had been in contempla- 
tion by the board of Annexed Estates, and was prevented from 
being carried into effect only by the dissolution of the board on 
the restoration of those estates, he wrote, t — " I never made a 

• To Dr. SmtJl, 9 September, 1770, t 12 Maj, 180B. 
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survey from tlie Tay to Crieff and Locli Earn ; but, at the desire 
of some gentlemen of that neighbourhood, I rode over the groimd 
from the Linn of Camjisie to Cneff, is hen I was making a surrey 
from Perth to Forfar, (I think at the expense of the Trustees for 
Fisheries and Manufactures,) and found that a canal in that line 
was apparently very practicable , but it his occurred to me since, 
that the proper line of canal would be up thp valleyof Strathearn, 
from near the confluence of the Earn with the Tay ; as it would 
by that means extend its influence over a greater tract of fertile 
country, and avoid the banks of the Tay, which, as far as I re- 
member, are in many places very steep between Perth and the 
Linn of Campsie. But, as this view was taken so long ago bs 
the year 1770, my memory upon the subject cannot be much de- 
pended upon." 

In the same year, 1770, in which he made his survey In 
Strathmore, Mr. Watt made a survey, and drew out regulations 
for the contractor, for building a bridge over the Clyde at Hamil- 
ton : — " I have lately made a plan and estimate of a bridge over 
our river Clyde, eight miles above this ; it is to he of five arches 
and 220 feet water-way, founded upon piles on a muddy bottom."* 
He also made a survey and report on the declivities and state of 
the bed of that river, by desire of the magistrates of Glasgow, 
who were then engaged in endeavours to improve its navigation 
and deepen its channel ; endeavours which have ever since been 
strenuously sustained, and have met with well-deserved though 
then quite unexpected success. 

The names of the other engineers with whose Eeports on the 
same subject that of Watt has thus been associated, viz., Smea- 
ton, Golborne, Eecnie, Whidbey, Clark, Hartley, and Walker, 
bear conspicuous testimony to the advancement which Mr. Watt 
was now rapidly attaining in such pursuits, as well as to the clear- 
sighted discernment and public spirit of those who thus employed 

In 1771 he gave in a Eeport on the best means of improving 

* To Dr. Small, 21 December, 1779. 
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theharliour of Ayr, and made a survey for a canal of junction be- 
tween the great (Forth, and Clyde) canal and the harbour of Bor- 
rowstoness. In the same year he also surveyed lines for canals of 
junction between the Fiith of Clyde and the Atlantic, at Crinan 
and at Tarheit, for the Commissioners for managing the Annexed 
Estates ; his Eeport on those two lines being prepared and de- 
livered in tlie following year. In 1773 he made a stii-vey of a 
canal from Macribanish Bay, on the Western coast of Argylsbire, 
to Caiapbelltown, for the conveyance of coals ; also of a canal 
from Hurlet to Paisley, and of the channel of the Water of Le- 
ven ; as well as a sarvey, by desire of the Lords Commissioners 
of Police, for tbc purpose of rendering navigable tbo rivers Forth, 
Gudie, and Devon. To these were added a number of plans, 
mensurations, levellings, and estimates, at tbe rec[uest both of 
corporate bodies and of private individuals, which need not here 
be further particularized ; — altiiough among the number were 
some of very considerable local importance, sucli as plans for 
Port-Glasgow Docks and Harbours, 1769-1772 ; for supplying 
the town of Greenock with \vater, 1772-1773; Ac, i&c. 

But the last and most remarkable of his civil-engineering 
works was that which ke was called on, also in 1773, to perform 
for his employers tbe Commissioners of Police ; viz., a survey and 
estimate for a navigable canal, to pass tlirough the chain of rivers 
and lakes in the wild and remote tract of country between Fort 
WUliam and InverncBs ; being the same line ia which, at a con- 
siderably later period, the celebrated Caledonian Canal was suc- 
cessfully constructed by Mr. Telford. The first notice we find in 
his correspondence relative to that great work, is in a letter to 
him from Dr. Small, dated 1 May, 1773 : — " Your very pleasing 
friend Mr. Hamilton was here on Thursday last, but could not 
stay. * * He told me you were to make a canal at Cantire. 
Of late a project has been talked of in England of making a pas- 
sage for ships from Inverness to the Western Sea. It is said that 
it might be done easily, for that tbe ground between the two 
lakes, Ness and Oich, is level. Could you possibly survey this 
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and judge of it, we could contrive to render the survey useful to 
you perhaps. Consider, and if possible do it before you come 

In answer to which, Mr. Watt writes:* — "In relation to your 
Inverness navigation, I know something- ahout it. It would cost 
much money and time to make such a survey as I could set my 
hajid to, and I am afraid the estimate would frighten you. The 
gronnd between Loch Oich and Loch Loeby is 50 feet high, and 
probably bard ground ; the whole height, deducting the said 50, 
is 110 feet, the country hilly and rocky, few inhabitants, and la- 
bour very dear. I would like well to survey it, if paid for it ; but 
I like better to come and visit you." 

" The reasons," rejoins Dr. Sraall,t "for my pressing you to 
consider the project for joining the lakes were these :— It has been 
published by Pennant that an almost level course might be found 
for a canal. Your survey would be the first, and as things moic 
stand, both you and it could be warmly commended to Lord Dart- 
mouth, who is at the head of the Council of Trade, to Lord Sand- 
wich, the First Lord of Admiralty, and to Lord North. Changes 
may in one year, you are very sensible, ruin these poseibiHties. 
The object is of great importance, and is tolerably well under- 
stood to be so, and may be farther explained so as to be rendered 
popular. Advantages might arise from your having only pro- 
posed such a scheme to those great men, and having been shown 
to be most fit for esecuting it." 

And, on the 17tb of August in the same year, " I am ap- 
pointed," writes Mr. Watt, " by the Court of Police to make a 
survey of the canal from Inverness to Fort William, aad set out 
the week after next. I accepted of this merely in consequence 
of your desire, otherwise I should have delayed it till nest season, 
I send you two covers ; yon forward your instructions and ideas 
of the utility in one of them, and your letter will probably reach 
me at Inverness, to which place it will be forwarded from Glasgow 
in case of my being gone." 

• 20Mar,m3. f 2 June, ma. 
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Dr SmaJl'H "ideM of the utility" of the projected canal were 
very clear and simjiie , anl on the 29th of Septemher he thus 
gives them, although prefacing the statement with an account of 
a long fit of weakne'w havmg greatly disahled him from writing : 
" When the herring fishery was attempted by the people on the 
eastern coast, they iounil their own sea famished neither plenty 
of the flsh, nor fat ones, therefore they fntd to send vessels to 
the Western Sea. ^.t tlie ijf st season, these ships could seldom 
getround by the Orkneji, on account of periodical westerly winds 
and currents ; and the voyage through the two channels is long 
and dangerous. Had the (fSaaX then e"vi&ted, I helicte the fishery 
would by this time ha\e been estallished, and for want of it, be- 
sides the disappointment in that contmgeacv, a last number of 
the fishing people that used to swarm upon the eastern coast have 
left the kingdom, the people having changed their diet, and now 
using less fish. Besides, it w as necessary, on iceount of the nature 
of the voyage, to use too large and expensive lesseK 

" Next, could a canal be made to admit armed vessels, no 
enemy could ever venture into the Insh Channel, or near the 
Western Isles. 

" The returning voyage, even to London from America, would 
he shortened one-third upon an average, by steering round the 
North of Ireland for this canal, on accoimt of the wiad in those 
latitudes. The banks of the canal would prove a seminary of 
herring-fishers, whale-fishers, and Nowfoundland-flshcrs, for canals 
tend more to breed watermen than even sea-towns. 

" More artisans living on the eastern coast of Scotland than 
on the western, and they daily growing more expert, they would 
have more easy access to the American market, the only one that 
is likely to be long supplied with manufactures irom Britain, &c., 
&c,, besides all the inland advantages." 

Before his survey was completed, Mr. Watt was suddenly re- 
called to Glasgow by a grievous domestic calamity, of which we 
shall hereafter more particularly speak ; but he then wrote to 
Small: — "As far as I saw of the canal, it is practicable. Loch 
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Oich is 100 feet above the sea, and the summit of Lagan na 
Drum, that separates from Loch Lochie, only 20 feet above Oich, 
and all good graveh There is plenty of water, and Oich 4 miles 
long for a reservoir, I left Morison, my surveyor, who is tolera- 
bly accurate, to complete the survey. I had a miserable journey 
home, through the wildest country I ever saw, and the worst con- 
ducted roads ; an incessant rain kept me for three days as wet as 
water could make me. I could hardly preserve my journal- 

"Pray does the conntry you have surveyed," replies the Doc- 
tor, " furnish timber fit for sMp-building, or wood for cliarcoal, or 
mines of any valuable kind ? I had no suspicion that Loch Oich 
was so far above the sea, and therefore had hopes that ships might 
be built in it, and their nn n ball t, &c., might be cast on its 
banks, and their bolts, li be mad there. Could many small 
canals be cut from the lak a and th great canal, on both sides ; 
I mean such as could cayl tfmneto three tons burden ? 
Yon say the road from th f t 1 dly planned Pny mention 
this to the Commission f P b who I understand are your 

present employers. It may produce both an improvement and 
employment for you for years," " I do not wonder the people 
migrate from the country you have desicnbed, to America, or any- 
whither. Pray have not all the&e mountains formerly been forests, 
and why does not timber now grow upon tbem, as they are not 
cultivated ? Hothing but incessant cultivation can hinder any spot 
in America, from latitude 50° southwards, from producing trees. 
I am led by this and many other reasons to suppose, niy, to be- 
lieve, that the frozen space of the globe is annually increased, at 
the rate of about the 300th part of a degree of htitude at a me- 
dium, or more ; so that after a certain number of years all Eu- 
rope, and finally the whole surface of this earth, will be fiozen, as 
the moon is now and has long been. ViolA une tMorie; one 
good property of which is, that I shall cot live to suffer the dis- 
grace of seeing it refuted by experience. And then it ought ex- 
ceedingly to forward the execution of my project for producing 



dbyGoo<^le 



176 LIFE OF WATT. 

perpetual summer ; of which I will he bold to say, that if all the 
gunpowder which has been spent by their Imperial and Royal 
Majesties, the Emperors and Empresses of Constantinople, Ger- 
many, and Eussia, the Kings of France, Spain, Britain, and Prus- 
sia, within these last twenty years, had been laid out upon it, the 
powder would have produced at least as much benefit to everyone 
o£ tliem as it has done hy being expended on their own schemes. 
I have had thoughts of writing a circular letter to these poten- 
tates, and if you give me any encouragement, notwithstanding 
my laziness, I will still do it, although there is but little to he 
made of kingly heads, I fear."* 

" As you are a great advocate for the Inverness Canal, and 
main adviser for my undertaking the survey," again writes Mr. 
Watt, " now I find myself in a kind of scrape, I must call upon 
you to help me out. The case stands thus : — Freight from Forth 
to Clyde and back, 20s. per ton ; time of passage from 10 to 40 
days ; ordinary passage 20 days. Distance by outside Orkneys 
635 geographical miles; by Pentlaad 575. From Buchan-nesa 
to Mull by Orkneys 375 ; by Pentland 315. By the canal, dis- 
tance by sea, Euchan-ness to Inverness 105 ; artificial navigation 
23 English miles ; Freshwater loughs 30:^ geographical ditto ; 
Fort William to Mull 30 ditto. Average rate of vessels sailing, 
founded upon a twenty days' passage, 30 miles per diem. Pas- 
sage, Buchan-ness to Mull by Orknej^, 12^ dajs, by Pentland, 
lOJ. Time of passage by canal, the sea pait 135 miles, 4J 
days ; the loughs one day; the four tanals, 23 miles, two days: 
total by canal, Euchan-ness to Mull, 7J dajs Siving over Ork- 
ney passage five days ; over Pentland pas<!age three days. Sum- 
mer insurance round Orkney 303. per cent. ; winter ditto about 
31. ! bat no wise under-writer will put his name to such a policy. 
Winter insurance from Clyde to Fort William 25». per cent. ; 
from Murray Firth to Leith 20s. The expense of making a canal 
for 10 feet water will be about 160,000/., besides land. ViolA 

* 2T October. 1773. 
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ks /aits. I want youi opinion of the proper method of proving 
the advantages and valuing them in monfiy, so that it may ap- 
pear what toll can be afforded, and whether it will compensate the 
expense. Be as full as you please ; for unless some strong argu- 
ments appear, I am afraid, as a just judge, I must myself pass 
sentence of condemnation, or leave the poor canal to the mercy 
of the puhlic. 

" Give me your opinion of the hest manner of digesting a re- 
poi't of this matter, and of the size of the plan. I think of doing 
it in one long plan, upon a scale of an inch to tha mile ; it will 
he five feet long, and may be printud in three pieces, if it merits 
that expense. A lesser scale would not show the parts, and a 
larger would not show the connection. 

"Since my last I have heen close writing upon this subject." 

" I have now finished," he adds,* " my reports and plans of the 
Inverness Canal, and have sent a copy of them to Lord C[ath- 
cart], who would not fail to show them about. The principal copy 
of the report I only finished this week ; that I sent to Lord C. 
was only an outline." 

The great engineer, Mr. Telford, throughout the whole of his 
lengthened labours in connection with so vast an undertaking, 
has bome testimony to the particular correctness and valne of 
Mr. Watt's survey; a circumstance which will be our sufficient 
excuse if for a moment we anticipate the course of our narrative, 
to explain the gratifying circumstances in which Mr. Watt at 
length witnessed the corepletioo, on an enlarged and magnificent 
scale, of that great national work, on behalf of which his early 
skill and energy had thus been enhsted. He had also in the 
meantimet been consulted, as to the same line, by Mr. Eennie ; 
whose scheme, however, was not then carried out. 

On Telford's return from Scotland towards the end of the year 
1801, he wrote to Mr. Watt, informing him that he had been en- 
gaged there since the month of Jtily, employed in making sur- 
* To the Eame, 9 April, ITTl. 
t Mr. Rennie to Mr. Watt, 19 May, 1T93. 
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reys by order of the Traisury Board, one of the objects pre- 
scribed to him being to examine the country from Loch Linnhe to 
Inverness, as to the practicability of making an inland naviga- 
tion; and expressing a strong desire to see Mr. Watt's earlier 
survey of that district, in order by it to correct bis own observa- 
tiona. His letter' concludes : — " We cannot spare you yet ; yon 
have done much good, and you must do more still. I cannot pos- 
itively insist upon your personally making good the Spanish com- 
pliment, ' Live a thousand years,' but I may safely presume that 
your name will deservedly live for ever." "I have so long ac- 
customed myself," he adds in a subsequent letter,t "to look with 
a degree of reverence to your work, that I am particularly anxious 
to learn what occurred to you in this business while the whole was 
fresh in your mind. * • The object appears to me so great and 
so desirable, that I am convinced you will feel a pleasure in bring- 
ing it again under investigation ; and I am very desirous that the 
thing should be fully and fairly, explained, so that the public may 
be made aware of its extensive utility. If I can accomplish this, 
I shall have done my duty ; and if the project is not executed 
now, some future period will see it done, and I shall have the sat- 
isfaction of having followed you in promoting its success." In 
1802 also he again writes to Mr. Watt that he had found an ab- 
stract of his Report published in a Report which Dr. Anderson 
made to the Lords of the Treasury : — " I believe it is yours," says 
Mr. Telford, " because it is just and masterly ; and I have intro- 
duced in my report your general description, plainly saying that 
it could not be so vvell told in any other words." 

Mr. Telford says that, on comparison, he found the whole of 
Mr. Watt's statements in his survey " particularly correct, except 
in the fall from Loch Oich to Loch Ness, where we differ a few 
feet ; but the states of the water in the Lochs make some differ- 
ence, and the only bad weatherl experienced wm during this 
part of the survey, so that I am not positive that I am right. I 
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had not time fo prove the levels, nor is it of much moment ; the 
height of the water in Loch Oich above the tideway is 100 feet, 
39 near as may be."* To which Mr. Watt replied : — " As we 
agree upon the level of Loch Oich the summit, any diiference of 
level elsewhere cannot materially affect the estimates, as the feet 
of lockage iviil remain the same. The mistake may, however, bo 
mine, as my levels were not repeated."'!' 

The depth of water recommended by Mr. Telford was 22 feet. 
Tbat of the canal as executed was iu most parts 15 feet ; al- 
though the bridges and locks were prepared on a scale to admit 
of that being increased, should it ever be found advisable, to 20 
feet, Mr. Telford introduces a long extract from Mr. Watt's re- 
port, with the following observations r — " In the year 1773, the 
Trustees for the Forfeited Estates employed Mr. Watt to make a 
survey of this track, which he did, and furnished them with a re- 
port and estimate of the expense of making a canal of ten feet 
water. This report is so able and just, that had I considered that 
size of canal as most advisable, I should have adapted the calcu- 
lations of the expense to the present day, and mentioned some 
alterations which have taken place in the country since his sur- 
vey was made, and should have recommended the survey to your 
Lordships' attention. But Mr. Watt's views were merely to as- 
certain how far a navigation of any sort was practicable, and 
therefore he fixed upon ten feet of water as an assumed standard 
to enable him to make his estimates. I lose, tberefore, the benefit 
of his particular calculations ; and I am under the necessity of 
departing, in some instances, from his line of canal, especially at 
the entrances into the lochs and tideways, in order to obtain 
a greater depth of water ; but I have followed him wherever the 
circumstances would permit ; and I cannot resist the introducing 
his general description of the country through which the naviga- 
tion is proposed to be made, because, after having examined the 
whole with care, I find it to be so correct, that I could only repeat 

* Mr. Telford to Mr. Watt, 3d May, 1802. 
t Mr. Watt to Mr. Tdfocd, May 9, 1B02. 
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s and dwell upon the saiBe points." Their 
levels agreed within one foot. — See p. 42 of the Report. In his 
Report,* Mr. Watt mentions that he confined his estimates to a 
catial of ten feet depth of water, because he knew of none that 
had been executed upon a greater scale, and because his views in 
jaaking the survey were iirincipally directed to those dimensions. 
"It is sufficient," he adds, "in a first survey, that the possibility 
is established, and the expense of one mode of communication ia 
nearly eat m^te 1 h 1 I flatter m'vself II a e lone If from my 
olser at ons th.e mak ng anj omman at n sh ulil appeir ^n el 
gible scheme he matter may be m tely exa n ned an 1 the 
op n ons ot other art t obta ncd oncerning th 1 et,t mo le of 

It IS CUT ous if o ly by TV ty f contrast w tb t) e pract ce of 
the present d y to record the rat of payment at vl ch tJ e sk 11 
anl exert oni cf a man endoved ith "H at t, powe s of m nd 
were then obta ned The Strathmore survey of 1770 mav be 
tiken as a spec men On that occts on he vaa act ely engaged 
n fravellmg and n fiell operitons forf rtytlree lajs usually 
from e ght or n ne m the mornmg 1 11 seven or e ght at n ght 
dur ng most ncic nent eather v th p er ng cold and frequent 
an 1 heivy ialls ot sn w and ra n an 1 h ? exert ons so nuch ex 
hausted his strengtb, as to ren ler him, to use his own words, un 
able for some time to apply himself to any other business that re- 
quired attention." His charge for that work was 80/., or about 1& 
17^. per diem, inclusive of all Ms expenses of iraveUing and living. 
For the preparati n of h K p n b ng h x oa of 
the map which ac mpan d he wa a huh um of 
SOi. — an almost qua yngnhan mpnef li mere 

amount of time an hurbe pndnfU nsider- 

ations of superior kn d a u a y am: 
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pears from a letter of Mr. Watt in 179 1, in which it is incidentally 
mentioned that Mr. Eennie, " who is in considerable fame, and, I 
sappose," Bays Mr. Watt, " as well paid as any of his standing, 
has two guineas a-day when employed as an engineer ; " in addi- 
tion, however, it is to he presumed, to his travelling expenses and 
other " costs and outlays," which was not the case with the smaller 
rate of pay of Mr, Watt in 1770. 
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s ill liis surveying and civil engineering, and the manitold 
alterations he devised m both hi9 condensing and hj-i wheel en 
gines, Mr Watt hettowel, during the years of which ^^ehavenow 
been speaking, in concert with his fiiend bmall, a good deal of 
thought on various other ingenious mechanical contrivances, which 
supplied pleasant amusement to their inventive and reflective 
brains. "We have abundance of matter to discuss," says the 
great engineer ; though the damned engine sleep in quiet ! " * 
"The French, you know," says Small, "offer large prjemia for 
Were I idle, I should try to win one of these. But 
s my whole faculties, and pays but indifferently. I 
ant so made that I suffer no fatigue from thinking ever so long 
and attentively on a subject in which I can get forward ; but if I 
am absolutely puzzled, and see no clue, my head turns round, and 
I speedily become more tired than a galley-slave. Physic very 
fortunately furnishes abundance of these profitable points. "t " I 
have perfected my clock with one wheel of nine inches diameter. 
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which is to tell hours, minutes, and seconds, and strike, and re- 
peat, and l>e made for thirty shillings." * And again, " My clock 
of one wheel, that shows hours, minutes, and seconds, and strikes 
the hours and repeats them, is nearly finished. The striking and 
repetition are good, the rest is gimcrack." f 

"You wrote me before," says Mr. Watt,| "of your clock 
with one wheel. Did I ever mention to you a striking part, reg- 
ulated by a balance pendulum with live scapement, which had 
only one wheel?" But some months later,5 "Everybody," says 
Small, " is too much engaged for the prosecution of schemes, so 
that even my clock is not prosecuted, and I have only one, which 
I cannot send to you ;" — I have just ordered a pendulum clock to 
be made with no wheel at all ; " || — and, " when my clock with one 
wheel," he afterwards adds,ir " was finished, I found it too com- 
plicated, and have now got one with, no wheel, and only one sec- 
tor with seventy-five teeth. It strikes, repeats, shows hours, 
minutes, and seconds, and goes eight days, with the usual descent 
of the weight. This is to be ranked in mechanics as riddles and 
rebuses are ranked in poetry." 

On which comes this comment of the sagacious Watt : — "As 
to clocks, I do not fully conceive how you can make yours go 
ei^t (lays with the ordinary descent of the weight, unless by 
pulleys or something equivalent, which would only he a quibble 
upon a wheel ; " *■' — thus answered by the inventor ;tt — " there is 
no quibble in my clock, aad we have now found a tolerable work- 
man for the execution of it. One is now making, which will show 
with much more accuracy than any other clock has liitherto done, 
the spheric phenomena relating to astronomy, sidereal and mean 
time, hours, minutes and seconds, with only one wheel and one 
sector. It will also strike and repeat the hours. The wheel has 
72 teeth aad the sector 75 only ; " — " I have had a new scapement 

• li February, ITTl. | Ifl NoTember, 1TT9, 

+ 16 December, im. IF 3 December, 1J72. 

X 24 December, 17T1. ** 17 January, 1773. 

§ 11 July, ms. tt 27 January, 17T3. 
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made for watulies, of such marveHous virtue, that if the main- 
taining power is quadrupled, or decupled, the number of the vi- 
brations will be lessened, hut not above ten in twenty-four hours." * 
And — " I have taken out a patent for improvement on clocks and 
other time-pieces, and want you vastly to help me to draw up the 
specification, which must be given in sooa. I have made a church- 
clock, consisting only of one wheel of 126 pins, and one sector of 
75 pins, and a hammer, with a acapement for the sector and 
another for the hammer. It strikes the hours, shows hours, 
minutes, and 20th parts of minutes, and goes eight days. And 
I have given drawings of a pocket-watch, which is to consist of 
one wheel and two sectors, and is to show hours, minutes, and 
seconds, and to have only 142 pins in the whole watch, and to 
have no chain nor fuzce, the kind of scapement rendering them 
unnecessary. But I have had hitherto villainous bad workmen. 
The axis of the pendulum of my clock is a cylinder, and rolls 
upon curves, which render the vibrations isochronous, and it has 
two rolls for one impulse," f ■ 

"A patent," he again writes,]: "has been taken out for my i 
clocks and watches, and there is reason to hope they may become 
an article of commerce. I am ready to make over to you all my 
interest in the patent, provided that can be done so as to benefit 
all concerned, which, if you can be established in this country, 
might be the case." 

" As to gimcracks," writes Mr. WattjS " I have contrived a 
a new micrometer, made by drawing two converging lines upon 
glass. I believe from trial it will answer. I mentioned a divid- 
ing-screw ; it has a wheel fixed upon it with 150 teeth and only 
1 J inch diameter : it is moved any portion of a turn or number 
of turns by a straight-line rack, the teeth of which fit it, without 
shake, and is moved by the hand or foot. It divides distinctly 
an inch into 400 equal parts." Of the micrometer, we shall soon 
give a full history. "As to your doubts about the screw," he writes 

• 15 March, 1778. t 29 March, 1774. 

t 27 October, 1773. S 2i November, 1772. 
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to Small, "lintendtoanaihilate them, when I see you;" — "raydi- 
riding-screw can divide an inch into 1000 tolerahly equal and dis- 
tinct parts on glass ; " — " I liad occasion to use my last dividing- 
screw for tte first time the other day. It divided 9 inches into 20ths, 
and did not err the ^^ Jo^th of an inch in the whole 9 inches. I did 
not find that there was the least inequality among: tlis diiisions, 
though I subjected them to the most severe trial, and I have found 
away by which I can divide a foot into -fVo^jtlis of an inch with- 
out erring above ^^^irtli "f an inch in the whole length, and the di- 
visions shall be equal among themselves; so that I reckon that 
machine exceeding near perfect, and find it very useful, as it saves 
much needless compass work, and, moreover, can divide lines 
into the ordinates of any curve whatsoever." " I rejoice in all 
your improvements," replies Dr, Small,* but bave many optical 
difficulties that lessen my confidence in observations made with 
the most accurately divided instruments. For example, no opti- 
cal instrument hitherto constructed, catoptric or dioptric, or cata- 
dioptric, produceth an exact copy of any object ; so tliat all the 
^'isible points of every object of sensible apparent diameter are 
represented in the field of the instrument in situations in relation 
to each other very different from what they ought to occupy, &c., 
&Q. The imsteadji refractions of light passing through the atmos- 
phere are also vile things ; not those mentioned by astronomers 
only, but others I will show you when we meet." 

" 1 am malting a new surveying quadrant by reflection," writes 
Mr. Watt,-|- " having tbe uses of a semicircle as taking angles to 
180° ; the principle, that of Bird's octant, in which the objects 
are only once reflected. In this I am making, the fixed glass 
stands at 45° to the first radius ; and by shifting the place of the 
eye, the head is ncrer in the way. I am going to make another 
altogether of glass, with nonius of the same." 

On which Dr. Small observes : — " I remember to have much 
admired your schemes about improving instruments for measuring 
angles by reflected light. Dollond has lately, as I have heard, 

* SB March, 177*, t 17 Janunry, 177S. 
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made some inconsiderable but saleable alterations of Hadley's 
Quadrant, as it is called, thougli tie invention is Newton's, which 
you no doubt know." 

"I am attempting the improvement of telescopes, and still 
more anxiously of microscopes, because the present microscopes 
decMvo their users ; but I find it very difiicult to procure good 
leases. Could you make an achromatic lena of half an inch 
focal distance? Doliond's pat<iit is out." 

In return, says Mr. Watt : * — " I have invented two problems 
for clearing the observed distance of the moon from a star of the 
effects of refraction and parallax; one trigonometrical, by Mer- 
cator's sailing, — the other instrumental, by a sector having a line 
of chords on each limb and a moveable portion of a circle of the 
same radius, which, if of three feet, the problem may be solved 
to ten seconds. If I have time I will make a model of it, and 
bring; it when I come. Moreover, I can solve the same problem 
according to Dunthome's method, by two lines of natural co- 
sines upon a sliding rule." "I like your astronomical instru- 
ment," is the immediate reply ;t — " All the problems of astronomy 
and of sailing might be sufiiciently well solved, especially the 
last, and I have often wondered such instruments were not in use. 
Harrison's watch begins to make a great noise again. The King 
has had it tried under his own inspection, with vast success. 
Sooner or later it will eradicate astronomyfrom navigation, which 
is unlucky for your inventions ; " and, some months later,t " As 
to the quadrant, if it is intended only to perform tolerably, and 
to be portable, it is good; hut you do not mean, I suppose, to 
rank it with 'quadrants of some other forms. And how do you 
intend to keep the parts of it in the same, or in parallel planes, 
and to contrive that your line of chords should constantly be the 
base of an isosceles triangle? This last is not very difficult; 
but the other, I fear, is. Then you must have a faithful table of 



dbiGoo<^Ie 



MICBOMBTEK FOR MBASUEING DISTANCES. 187 

chords, which is still to he formed ; for the puhlished ones are 
not correct." 

Two new harometera contrived hyDr, Small he thus deacribea: 
"In one of my barometers the scale iloats within the tabe, and is 
of such specific gravity, and of so accurately expansile matter, 
that it constantly shows the weight of the atmosphere correctly. 
This is difficult to be made. The other is very easy. The bason 
ia large ; a float of metal, with a hole for the tube in its middle, 
lies upoa the surface ; a scale stands upon the float, and expands 
and contracts just as much as mercury. You can easily imagine 
how both may bo rendered portable ;" — on which Mr. Watt's 
brief commentary is : — " I admire your expansile scale, tbs 
idea of which I had before, but had none of the possibility, as I 
know nothing that expands so much by heat as quicksilver, un- 
less Wewton's metal does it- I have objections to the floating, 
which I defer to meeting." 

In Mr. Watt's survey of the Tarbert and Crinan lines, for a 
navigable canal, in 1771, he used the micrometer for measuring 
distances, which he had then invented ; and of which, as well as 
of the circumstances which led to his emploj-meut and improve- 
ment of it, he has left the following account. 



Micrometer for mea-mring Distances. 

" This insfmment was contrived about the year 1770 or 1771- 
I know I used it in the surveys of the Crinan and Gilp and tbe 
Tarbert intended canals, and also in the survey of the canal 
from Inverness to Fort William, now called the Caledonian Canal. 
The former survey was in 1772,* and the latter in" 1773, and it 
was in 1772 I showed it to Mr. Smeaton. 

" The instrument I used was a telescope with an object-glass 
of twelve inches and an eye-glass of one and a half inch focus; 
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consei^ueiitlj magnifying eight times In the fociia of the eye 
ghasj there were placed two horizontal hairs, (see 
mirgm ) and one perpendiculai hiir The lurizon- 
tal hairs were ihout one tenth ot an inch distant 
from each other, and as strictly parillel to each other 
and at right angles to the perpendicular hair as 1 could make 
them A rod heing placed upright it twenty chains distant, or 
anj other cunvenient distanie, on, Ic\el ground, an index consislp 
mg ot a round disk of ihout eight mch.es diameter piinted 
white, with a honzonfal Ime of one inch wide painted on its hori- 
zontal diameter with vermilion was fixed upon the rod ahout 
one foot from the ground, and another simdar index was 
mo;ed up and down thb rod, until upon looking through the 
telescope the two honzontal hairi covered the red stnpes on the 
lower and upper indexes, the telescope being turned on its axis 
until the perpendicular hair was pirallel to the rod The indexes 
being thus covered by the horizontal hairs accurately, the upper 
index was fixed to the rod, and the distance between the middle 
of the red stripes on the two indexes was divided upon the rod 
into twenty parts, representing so many chains, which with the 
instrument I used were upon the rod about four and a half 
inches each, and for distances exceeding five chains this division 
into equal parts was sufficiently accurate ; hut for shorter dis- 
tances it is not strictly so. I therefore fixed a pin at every chain, 
and holding up the rod at each of them made the necessary cor- 
t' n a d as th f s of the object glass is also aflected by 
th li tauce t p per to adjust the eye-glass to it at each 
tat 

Th 1 the rod being marked with the number 

I f h m th y p t it waaonlynecessary tosendanassistant 
h tl It y pi e the distance of which was wanted to 

b m d d by gns, to make him move the upper index 

p d d til the two horizontal hairs covered the red 

t p th pp d lower indexes ; the divisions on the rod 

then showed the distance, which I found could be ascertained to 



dbyGoot^le 



MICROMETER FOR MEASUKING DISTANCES. 189 

within less than one-hundredth part of the whole distance, and 
with a higher magnifying power could be done proportion- 
ally more accurate. The rod I commonly used was twelve feet 
long, and consequently could measure thirty chains ; but by 
sliding another rod upon it so as to lengthen it, I measured 
greater distances; and when still greater were wanted I stretched 
a tape horizontally, and, turning the telescope on its axis, made 
the single hair parallel to it, fixing one index at the end of the 
tape, and sliding the other along it untU it subtended the dis- 
tance between the wires. I then measured the subtended tape 
with the rod, and so ascertained the distance ; but this expedient 
I rarely liad recourse to, the distances I generally had occasion 
to measure rarely exceeding half a mile, or forty chains. 

It J la n that this instrument possesses the advantage of 
mea ng all distances with equal accuracy, until the imper- 
fe t on of V on at great distances interferes, as the scale on 
wh h they a e measured expands with the distances ; and in 
uneven g ound it possesses more accuracy than tlie chain, and ia 
ve y lu hie n measuring distances from one ' hill to another, 
and across bays of the sea, where the chain cannot be used. 
This I experienced in the survey of West Loch Tarbert, the 
notthem shore of which is very much indented, and so rocky that 
it is scarcely possible to measure a few chains in a straight Jine 
upon it. 

"I showed the instrument to all my friends at the time, and 
among others, to Mr. Smeaton, as I have mentioned ; and used 
it publicly in my surveys, and it was consequently known to 
many people, though not published in print. A Mr. Green, in 
1778, applied to the Society of Arts, for a premium for the same 
invention, which Mr. Smeaton apprised me of, and also informed 
the Society of my claims; in oonsectuence of which I was desired 
to attend the committee, where I "informed them of what I had 
done, and at what time. Yet the Society thought fit td award 
Mr. Green the premium, though his invention or use of the 
method was posterior to mine, — I suppose because he had used 
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an instTumeiit of higher magnifying power, viz. forty, and conse- 
quently had hcen able to measure greater distances, and, as was 
said, with greater accuracy. I made no further reclamation, as I 
perceived it was not in that court I could ohtain justice; and, as 
I ahhor paper war, I did not apply to any other, though there 
were people then living who could have attested my use of it. , 
" Another micrometer, with a prism, I invented, I think, 
acetiun. ahout that time It consisted of a thin 

I prism almost parallel (say of one degree 
r two.) This prism was cut by a dia- 
*■ "» mond ■ to two parts wh' b when they 
w re fis d n the sane jlane refracted 
all the rays wl h passed thro gh the eqiiallj tut one ot 
then remi n ng hsel and the other m ng on a centre i.t 
afaccorln;, to the prcked Ine) vould refract thatjorton of 
the rajs h h pas ed through t mo e than tho e whi h pa <»d 
through the fixed p'wt and he ng fixe 1 u the focus f the 
object glass of a teles ope t o mayes vero formed of each 
object by whch ts d ameter c Id be measnred An nles. 
and d ded sector of ^ cir le ser ed to meas re the compara 
t ve refract ons Thi? nstrument I made v th the s ct r a 1 
radusof wood and give t to Professor Anderson of Glasgow 
College, and I suppose it is still among his apparatus which he 
left to a public institution The Abbe Kochon ifterwarls (1783) 
pubhshed a description of some miirometers with prisms, hut I 
think they were upon somewhat iIiffLrent principles la their con- 
struction 

"The cross-hair micrometer, as described, lea^^n5 me tci 
much m the power of my assistants, where the distances were 
greater than permitted me to read off the number ot chains on 
the rod myself, I set abcut another about 1772 or 1773, which 
consisted ot a telescope with at object-glass of a long focus, say . 
three or four feet : this was placed in a tube with a slit in one ■ 
Bide of it nearly as long as the focus of the telescope, and the 
object-glass being titted to a short tube which slid from end to 
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end of the slit, could be moved backwards and forwards by 
means of a piece of metal fixed to the short tuhe and coming 
out through the slit : a glass of six to nine inches focus was also 
fixed in the outer tube, in the nature of what is calied a field-glass, 
and to this was added an eye-glass with a cross-hair piece in its 
focus; thus — 

Object-gliss. Field. Eja. 



Hj^w 



" Now it is ev lent that if the object ^,1 1 s be mv ed jiParer 
the field-glass, their common fii^us will bo shortenel ■inl the 
image at the cross hiirs d mmi&hed proportiwably untii ■when 
the glasses come into contact their common focus will be shorter 
than that of the field glisb alone an 1 two indexes fixed upon a 
rod being subtended bv the cr ss hairs at iny g \ en distance, the 
same rod with its indexes being removed nearer the observer, 
upon sliding the obje t glass nearer the eye they may aga n be 
subtended by the cross-hairs; a scale on the side of the tube will 
show the comparative distance they Iiave been removed, and the 
distance of the first being known, that of the second will also be 
BO. This scale would not, however, be a scale of equal parts, but 
one which could easUy be laid down. 

" I made a rough model of this instrument at the time, bat 
have never completed it, having been mostly since in a line of 
business where such instruments were unnecessary. I described 
it, however, to several of my friends at the time, and among 
others to the late Mr. Eamsden ; but whether it has been thought 
of by any one else, or the proMem published, I am ignorant." 

Sir David Brewster, at a later period, but without any 
knowledge of the instruments which had thus been contrived 
by Mr. Watt, invented an improved micrometer with a moveable 
object-glass, which is described in his ' Treatise on New Pliilo- 
sophical Instmmeats in the Arts and Sciences, with Experiments 
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on Light and Colours.' " But in a review of that work in the 
'Bulletin de la Societe Philomathique,' for 1814, M. Arago 
having pointed out that the invention of a moveable ohject-glass 
for separating, optically, a pair of wires fixed in the focus of a 
telescope, had been made by M. de la Hire more than a century 
before, as is mentioned in the 'Memoires de 1' Academic des 
Soienoes' for 1701, — "I have since," says Sir David, in writing 
to Mr Watt, \Mth the candour bj which tltateminent philosopher 
has always been honouraWj distinguit.hed, "examined M. de la 
Hire's workb, and find that M Arago is perfectly correct. This 
fact therefore deprives you and me of all onginal merit in the 
invention of the principle, although jou were as little acquainted 
with De la Hire's labours a'i I iias mth jours The idea, how- 
ever, of coniertmg it into a general micrometer, of applying it 
to the dutded object glass (ivluch is decidedly its best form), and 
of convtrting a Gregorian or Oassigramian telescupe into a 
micrometer without any additional lens or mirror, is still mine " f 

For a summary of the dispute as to the invention of pritmalia 
micrometers, we may refer our readers to M. Mathieu's learned 
note on Delambre {' Histoire de I'Astronomie an dix-Iiuiti6me 
Siecle,' pp. 645-652, ed. 1827.) There the prioiity is attributed 
to Eochon, who presented the Academy of Sciences with a 
description and a specimen of that sort of instrument in January 
and February, 1777, and in April following reported to the same 
learned body the measurements of Mars, of Jupiter, and of Saturn 
with his ring, which he had obtained by its aid. 

Maskelyne, who, in December 1777, presented his prismatic 
micrometer to the Eoyal Society, produced an attestation by 
Dolload that he had constructed it for him in the previous year, 
and taken it to the Observatory at Greenwich in August, 17704 

To both of those dates Mr, Watt's invention appears to have 

* Edinburgh, 1SI3, Bto. 

t Sir David Brewster to Mr. Watt, December IS, 1319. 

i See the 'Philosophical Transactions' for 1777, vol. Irrii. pp. 739-313, Aa. 
See nlSD BoEcovich'a ' Acconnt of a new tficrometer and M^ameter,' ibidem, pp. 
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been antecedent by several years ; although of it we may say, as 
M. Mathieu has done of that of Rochon, " Cet ingenieux instru- 
ment ne reQLit pas, dans le temps, tout I'atKiuei! qu' il miiritait." 

" The Abbes Boscovidi, Fontana, Rochon, Maskeiyne," wrote 
Dr. Patrick Wilson to Mr. Watt, in 1778, "are a very creditable 
junto of philosophers, who are at present drawing some attention 
as inventors of a prismatic micrometer. My father and I feel a 
wish of seeing your name added to that band of improvers. 
Your invention, though very little known, was several years 
prior to any of theirs. If you choose to assert this priority by 
any publication, it wOI give us great pleasure to contribute our 
evidence in your favour ; " — and to the same effect, and at. the 
same time, Dr. W. Irvine : — " Pray have you seen the last volume 
of the Transactions t Tou must surely know that it cojitains the 
description of a certain micrometer, that shall be nameless, made 
by one J. Watt six or eight years ago, and which has been in 
Macfarlane's Observatory in Glasgow for several years past 
Would you not think it proper that the said J. Watt should 
claim this discovery? And as the authors of these papers in the 
Transactions have brought witnesses, he m ht b D Reid, 
Dr. Wilson, Pat. Wilson, G. Hamilton, Ac wh ly and 

willing to attest the same, and who are su ly i table as 

Pat. Dollond and Aubert ; and to m k tli hi still 

stronger, I should imagine you could have n Ij t t j in in 
the attestation. You may perhaps despise si p fit bl nven- 
tions ; but to others they will procure fame, d p h p f tune." 

One other "gimcrack," and we have do th tli 1 g list 

of useful and ingenious contrivances with ihhtl lb n the 
pleasure of the great engineer, up to this (. ! t oc py his 
few hours of leisure ; — "I have invented ad li j" hfl 

says,* "the board horizontal, the index aim t 1 you 

please, and conseijuently the size of the p tnr I g tele- 

Biopjc sight; no specula ; the whole being p f m d by a most 

* To Dr. Small, 11 December )TT3. 
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simple joint. When the index does not exceed two feet long, 
ihe instrument and apparatus consist of a box 14 inches long, 1^ 
deep, and 4J inches broad, which opened is the drawing-board, 
and contains the apparatus, except a light wooden tripod head 
for the pocket, dat-fffthhdfth 1 y By 

help of this TO h I 1 f m m 1 ght f 

level grounds th t li II b t P 1 ' 1 tl 1 h 11 

e by a 1 f ij 1 p t It Is 1 11 k d f 

Ira ht d m p A, th ho d b g i y 
horiMntal, wheth th Ij t 1 t 1 t 

Within a fortnight, however, came this reversal of the verdict 
thus pronounced; — "I caused to be made a part of the machine I 
mentioned in my last ; it has only one fault, ■which is, that it will 
not do, becnuse it describes conic sections insteadof right lines ; "• 
and although there can be no doubt that by a little further labour 
on the part of the inventor this difficulty would have been over- 
come, yet events of more importance soon occurred, which seem 
to have put a stop to the career of " gimcracks," in which: he and 
his friend Small had so long and cheerfully been running a race 
together, and which led the latter to remark to his friend, — "Yon 
might live by inventing only an hour in a week for mathematical- 
instrument -makers." 

The termination of Mr. Watt's labours as a civil engineer was 
an abrupt one, accompanied — andindeed in some measure caused — 
by a melancholy event. Having been suddenly recalled from his 
survey of the Caledonian Canal in the autumn of 1773 by the 
intelligence of the dangerous illness of his wife, he had the deep 
grief of finding on his return home that she had died, after hav- 
ing given birth to a still-born child. Mrs. Watt is described as 
having been a very amiable person, whose gentle counsels and 
uniform good temper had often sustained her husband's hopes and 
animated his exertions, under the depressing circumstances of in- 
different health, narrow means, and variable and often despond- 
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ing epirits ; from all of wiiich he then suffered in do ordinary de- 
gree. By relieving his mind as far as possihle of other care, and 
thus affording it the undisturhed leisure required for study and 
exertion in bis various pursuits, she might even he said to have 
been of material, though, of course, subsidiary service to him in 
the progress of his great invention. She earnestly encouraged 
the hopes which he founded upon it ; and even when these 
seemed for a time to he quite overthrown, her buoyant spirits did 
not sink, nor did her cheerful faith fail ; but she wrote to him 
with truly feminine fortitude, — " I beg you would not make your- 
self uneasy, though things should not succeed to your wish. If 
it" [the new steam-engine} "will not do, something else mil. JVeiw 
despair." " 

"The few years," says Miss Camjjhell, "of his union with 
Miss Miller passed in uninterrupted domestic happiness- Of her 
untimely death, and the beautiful composure of mind, and affect- 
ing tenderness for her husband and children, that she displayed 
in her last moments, my mother never could speak without teai's." 

The agony of grief which he suffered on losing so judicious, 
so beloved, and so faithful a friend, sufficiently appears from those 
of his letters of that date which have been preserved ; although 
some others, it is to ho regretted, appear to have been lost or de- 
stroyed, probably 'n n q n f nta' ' g n IJu ' n t any- 
thing but his pri\ a w h h n n the 
fonn of an nnda d ^Tn ad d to D ma evi- 
dently belonging h p d n q h xp na are 
gloomy indeed ; — m h pp y h h h b ation 
of its writer tohwjJf pmD« a vents 
seems ever to have permitted him to repeat. *' Let ns," he writes, 
" rejoice in our youth, for age is .dark and unlovely, and in the si- 
lent grave tliere is no joy, at least that we know of; — vive, et 
vale." And again :— " You are happyj Sfflall, that have no such 
connection. Yet this misfortune might hove fallen ujion me when 
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I liad less ability to bear it, and my poor children might have 
been left suppliants to the mercy of the wide world. I know that 
grief has its period ; hut I have much to suffer first. I grieve for 
myself, not for my friend; for if prohity, charity, and duty to her 
family can entitle her to a better state, she enjoys it. I am left 
to mourn. * * Let me leave this tale of woe." 

"Would that I might here transcribe," said Arago, "in all 
their simple beauty, some lines of the journal in which he daily 
recorded his inmost thoughts, his fears, his hopes ! Would that 
you could see him, after this heavy affliction, pausing on the 
threshold of that home, where ' his kind welcomer ' awaited him 
no more ; unable to summon courage to enter those rooms, where 
he was never more to meet 'the comfort op ms life!'" 

Of the four children who were the issue of Mr. Watt's mar- 
riage with Miss Miller, two died in infancy ; one daughter mar- 
ried a Mr. Miller of Glasgow, but died early, leaving issue a son 
and two daughters, (now all dead, the daughters having left is- 
sue) ; and the only son of that family who attained manhood was 
the late Mr. James Watt, of Aston Hal!, who long sui-vived his 
father as his respected representative, and died, unman-ied, in 
18i8. 
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Tins last most grievous calamity put the finishing stroke to the 
long series of adverse circumstances by which Watt had been op- 
pressed. For years previiiusly he had complained of frequent 
violent heada<:lies, and almost constant bad health; of what he 
called laziness, stupefaction, and confusion of ideas, wliich no 
doubt meant the mental weariness arising from severe and anxious 
over-exertion ; of the hatcfulness of the employment of land sur- 
veying, to ■which he had then become a slave ; of Lis detestation 
of making bargains, or settling accounts, or forcing workmen to 
do tlieir duty ; so that " I greatly doubt," he says in 1770, " whether 
tlie silent mansions of the grave be not the happiest abodes." " I 
am heart-sick of this country," he writes, after the losa of his 
wife, to his sympathizing friend Dr. Small, " I am indolent to ex- 
cess, and, what alarms me most, I grow the longer the stupider. 
My memory fails me SO as often totally to forget occurrences of no 
very ancient dates. I see myself condemned to a life of busi- 
ness; nothing can be more disagreeable to me ; I tremble when I 
hear the name of a man I have any transactions to settle with. 
The engineering business is not a vigorous plant here ; we are in 
general very poorly paid. This last year my whole gains do not 
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exceed 200^., though some people hare paid me very genteelly. 
There are also many disagreeahle circmnatances I cannot write ; 
in short I must, as far as I see, change my abode. There are two 
things which occur to me, either to try England, or endeavour to 
get some lucrative place abroad ; but I doubt my interest for the 
latter. What I am fittest for is a surveying engineer. Is there 
any business in that way ? " And, about the same time, it ap- 
pears Dr. Eocbuck had mentioned Mr. Watt having had an in- 
tention of passing the winter in France ; lo escape, doubtless, 
from the sorrowful associations that now pfessed upon him in his 
own country. 

These circumstances all concurred with the disastrous state 
of affairs at Borrowstoneas and Kinneil, to hasten the final set- 
tlement of the agreement with Mr. Boulton and Dr. Small. But 
it was now evident, since Eoebuck Lad besome insolvent, and 
therefore unable to be any longer a partner in the proposed man- 
ufacture, that instead of one-half of his two-thirds of the patent 
of the engine, or one-third of the whole patent, as originally in- 
tended when that agreement waa entered into in 1769, the whole 
of his interest would have to be purchased from him or his credi- 
tors. We have already seen that Boulton and Small were not 
more desirous of benefitting Watt, than Watt was of benefitting 
Roebuck ; and also, that all four were anxious to see the engine 
prosecuted to completion, and its merits tested by actual per- 
formance on a great scale, none of them, (and, least of all, the in- 
ventor,) estimated the invention, as then attempted to be carried 
out, as of any very high pecuniary value. In this view, it fortu- 
nately happened, that Roebuck's creditors most fully concurred ; 
" none of his creditors," writes Watt to Small,* " value the engine 
at a farthing;" and this uncomplimentary estimate,— at which 
we now so well may marvel, and the creditors might soon after- 
wards have mourned, — was really of the greatest service in hast- 
ening the progress of the transference of the property. 

• 23 July, 1JT8. 
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On terms satisfactory at the time to Dr. Roebuck, and which 
consisted in part at least of Mr. Eoultou releasing him from a 
debt of 630^. due to him by the Doctor, and of the payment by 
Mr. Boulton of a further sum of lOOOi-, this transference at last 
took place, to Mr. Boulton alone ; Dr. Small having by that 
time otherwise engaged all of his available funds. The 1000^. 
paid were to be the first 1000?. of profit, (without repayment of 
any already sunk,) that might arise after the commencement of 
the partnership of Boulton and Watt. And in 1773 Mr. Watt 
and Dr. Roebuck executed a mutual discharge, which, as an in- 
teresting document in the history of the modem steam-engine, 
we shall here give entire ;— 

"In the year 1767, Doctor John Roebuck at Kinneil, entered 
into partnership with James Watt at Glasgow, to verify and carry 
into practice an improved fire-engine invented by the said James 
Watt, Doctor Roebuck was to pay a debt of lOOOZ. incurred by 
the said James Watt in making the esperiments tending to the 
invention of the engine, and also to pay the expense of the patent 
and further experiments. 

" James Watt was to attend and conduct the experiments, and 
assigned to the Doctor two-thirds of the property of the said in- 
vention, retaining one-third for his own use. 

" Dr. Roebuck has paid the thousand pounds, but the expense 
of the other things has been principally paid by James Watt. 

"In consideration of the mutual friendship subsisting between 
Dr. Roebuck and myself, and because I thinkthe thousand pounds 
he has paid more than the value of the property of the two-thirds 
of the inventions, I hereby take upon myself all other sums I have 
laid out or paid" upon it, also all other debts I have contracted 
upon that head, relieving the Doctor from the same, and meaning 
this as an absolute discharge for all smna he may have been owing 
me before this date. 

"James Watt. 

" Kinneil, May ITft, 1!T3." 
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"Having examined the above narration of (acts, I acknowl- 
edge the same to be just, and hereby discharge the account. 



"KmneJl,MaylT, 1773." 

Thus, in the summer of 1'"'3 Mr Witt loun 1 him elf it lib 
erty to remove from Kmneil where thi,j ha 1 lun,, been Ijn g use 
less, and "perishing tiom long exposure to the injuiiea of the 
weather," the iron works cylinder and pump of the con lensing 
engine partly erei.te I there three yeais before Those d sie ta 
membra" were then packed up anl sent oft to Suho nliero a 
boiler was awaiting them destmed f 3 inspiie them with new life 
and movement ; but it was not till after another year that they 
were followed by Mr A\att who had in tic mtenal mode his 
survey for the f ale Ionian Canal, anl had suftered the loss in 
which it so dismally terminated of his much 1 ved wife 

Early in Apnl 1774 he wr tes to Dr bmali I be m now 
to see daylight through the afiairs that ha^ e def a i ed me so long 
and think of setting out for jou in a fortnight at furthest — 
and, early in May, " I have persuaded my friend Dr. Hutton, the 
famous fossil philosopher, to make the jaunt with me, and there 
ate some hopes of Dr. Black's coming also." The next four or 
five months were passed in continuous though still partially futile 
attempts to construct a satisfactory wheel-engine, and in more 
successful ones to make the condensing engine do some good 
work. By the end of October, Mr. Watt was able to send his 
Mend Eoebuck such a report of the latter, that Dr. E. replied,* 
"You have now effectually established the justness of the prin- 
ciples on which your machine is constructed, and the generous and 
spirited gentleman you are connected with will never suffer it to 
fail for want of exertion to carry it into execution." He was also 
able to cheer the heart of his aged father, in his lonely home at 
Greenock, by writing to him, from Birmingham,t " the business 

• 13 NoTember, 1T74. t 11 December, 1774. 
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I am here about has turned out ratter successful, tliat is to say, 
that tho fire-engine I have invented is now going, and answers 
much better than any other that has jet been made; and I ex- 
pect that the invention will he very beneflcial to me." 

The comfortable reaulta which led to these improved hopes, 
had been obtained, it must be recollected, with a cylinder made 
at Carron so far back as 1706, and not very truly bored, although ' 
the best which that manufactory could turn out at that time ; and 
Carron had the best boring-mil), for cannon and the cylinders of 
the old sort of steam-engine, then known. "It was only in- 
tended," says Mr. Farey, " for boring cannon ; but they bored 
barrels [of pumps] and cylinders [for atmospheric engines] by it 
occasionally. In the course of a few years, this mill proved too 
small to execute the work which their trade reciuired, and in 1769 
Mr. Smeaton made them an entire new boring-mill for guns, and 
another for cylinders."* 

But Mr. BouUon, encouraged by the favourable results already 
obtained, applied, early in 1775, for a better cylinder, to Mr. 
John Wilkinson, an eminent iron-founder at Bersham near Ches- 
ter, who at that very time, probably in consequence of the great 
demand he saw reason to believe would arise for cylinders bored 
ivith exact truth throughout, introduced a new boring-machine 
which was an infinite iraprovcnient on the old one. " In the old 
method," says the same accurate author whom we have last quoted, 
" the borer for cutting the metal was not guided in its progress, 
and therefore followed the incorrect form given to the cylinder in 
casting it ; it w^ scarcely insured that every part of the cylin- 
der should be circular; and there was no certainty that the cylin- 
der would be straight- This method was thought auflicient for 
old engines, but Mr. Watt's engines required greater precision. 

" Mr, Wilkinson's machine, which is now the common boring- 
machine, has a straight central bar of great strength, which occu- 
pies the central axis of the cylinder, during the operatbn of bor- 

* Farey, ' Treatise on fhe Steam-engine,' 1B27, p. 291. 



dbyGoo<^le 



202 LIFE OF WATT. 

iag; and the borer, or cutting instrument, is accnrately fitted to 
slide along this bar, which, being made perfectly straight, serves 
as a sort of ruler, to give a rectilinear direction to the borer in 
its progress, so as to produce a cylinder equally straight in the 
length, and circular in the circumference. This method insures 
all the accuracy the suhject is capable of; for, if the cylinder is 
cast ever so crooked, the machines will bore it straight and true, 
provided there is metal enough to form tbe required cyhnder, by 
cutting away the superfluities."* 

But, notwithstanding the improved cylinder, and those other 
aids of mechanism which conld then be derived from the work- 
shops of Soho and Birmingham, it was very evident that a long 
series of experimental trials was still requisite before the engine 
could be brought to such perfection as to render it universally 
available to the public, and, therefore, profitable to its manufac- 
turers. In January, 1775, six years of the period named in the 
Letters Patent had already expired ; and there seemed every 
probability of the eight that remained proving only sufBcient to 
admit of a great outlay of labour, talent, and money, for the ben- 
efit of others who had exerted no ingenuity, incurred no risk, and 
displayed no perseverance. 

The eminent counsel whom Mr. Watt consulted, suggested the 
sm'rendering up of the patent, and did not doubt that a new one 
would then be issued, granting the exclusive privilege anew from 
its date. Other friends recommended that an application should 
be made for an Act of Parliament extending the time allowed 
by the first patent, and this was the course which it was finally 
determined should be taken. The application met, rather un- 
expectedly, with very strong opposition, to which the great 
oratorical powers of "the immoi-tal Burke" gave a dangerous 
importance. He, it is believed, was infiuenced by what he con- 
■ceived to be, or what was represented to him to be, the claims of 
a constituent, and not by any more unworthy feeling of hostility 

• Farcy, p. 326. 
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to either Mr. Watt or his patent; tut rtevertbelesa he was led to 
support with all the power of his great name what he probably 
would afterwards have confessed to be a measure of gross injus- 
tice. Happily, the eloquence of liimself, and the influence of his • 
associates, failed of their intended effect ; and, on the 8th of 
May, 1775, Mr, Watt had the pleasure of being able to write to 
his father, from London, the following letter ; — 

"Dear Father, — After a series of various and violent opposi- 
tion, I have at last got an Act of Parliament vesting the property 
of my new fire-engines in me and my assigns, throughout Great 
Britain and the Plantations, for twenty-five years to come, which 
I hope will be very beneficial to me, as there is already consider- 
able demand for tliem. 

" This affair liiia been attended with great expense and 
anxiety, and without many friends of great interest I should 
never have been able to carry it through, as many of the most 
powerful people in the House of Commons opposed it. It has' 
been in Parliament ever since the 22d of February, which is a 
very long time to be kept in suspense. 

" I sliall be obliged to stay here a few days longer, after 
which I return to Birmingham to set about making some engines 
that are ordered ; after which I intend to give myself the happi- 
ness of seeing you and the dear children. ' * My warmest 
wishes and affection ever attend you ; may God render your ^:e 
comfortable is the prayer of your ever affeclSonate and dutiful 
eon, James Watt." 

But while this affair was pending, and Mr. Watt was absent 
in London attending to it, another heavy blow had fallen upon 
him- This was the death of Dr. Small ; the faithful and affec- 
tionate friend who had so long encourage'd him in despondency, 
consoled iiim in misfortune, and aided him in attaining to the 
comparative prosperity which was now at last beginning to dawn 
upon him. "The last scene," feelingly writes Mr. Boulton to 
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liim ia LoBdon,* "is just closed; the curtaiE is fallen, and I 
liave this evening bid adieu to our once good and virtuous friend, 
for ever and for ever. If there were not a few other objects yet 
< remaining for me to settle my affections upon, I should wish also 
to take up my lodgings in the mansions of the dead." " To pre- 
tend to offer you consolation," in Mr. Watt's reply, " under the 
weight of your present sorrow, I know to be in vain. I otdy beg 
leave to repeat to you the sentiments which that dear ftiend we 
lament expressed to me upon a similar occasion. It is our duty 
as soon as possible to drive from our minds every idea that gives 
us pain, particularly in cases like this, where our grief can avail 
nothing. Remember, my dear Sir, that our friend enjoys that re- 
pose he so much desired ; and we ought not to be so selfish as to 
render ourselves unhappy by the perpetual lecollectioii of oar own 
misfortune, however great we may think it, for it is also irrepara- 
ble and was inevitable." * » « Come, my dear Sir, aiid im- 
merse yourself in this sea of business as soon as possible, and do 
' not add to the griefs of your friends by giving way to the tide of 
sorrow. I again repeat that it is your duty to cheer up your miaJ 
and to pay a proper respect to your friend by obeying his pre- 
cepts. I wait for you with impatience, and assure yourself no 
endeavour of mine shall -be wanting to render life agreeable to 
you." " We have lost a most valuable friend," writes Dr. Koe- 
buck on the same occasion, " a gentleman of extensive knowledge 
and learning." 

Of Dr. William Small, whose family name Ls, perhaps, best 
known in the annals of science by his brother Dr. Eobert Sraall's 
learned ' Account of the Astronomical Discoveries of Kepler,' we 
have few particulars to record beyond those which his correspond- 
ence with Mr. Watt supplies. But his early death has been com- 
memorated and lamented by the pens of Keir, of Day, and of 
Darwin ; and all the scattered notices that we have been able to 
collect attest th^ greatness of his talents and his worth. A na- 

• [26 Fsbruoiy, 1IT5.] 
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tive of Scotland, he was liorn in 1734 at Caimylie in the county 
of Angus, of which parish his father was uiiDister ; one of his an- 
cestors being Mr. Thomas Small of Corrihall, whose armorial 
bearings were registered in the Lyon Office about 1G80. Having 
been appointed Professor of mathematics and natural philosophy 
in the college of Williamsburgh in Virginia, he settled there for 
some years, and practised with great success as a physician ; but . 
coming home on account of his health and some business, he 
"preferred settling at home to returning to Virginia, as he never 
kept his health there." He was introduced to Mr. Boulton in 
17C5, — (the year, we need scarcely repeat, in which Mr. Watt 
made his memorable discovery of the separate condenser,) — by a 
letter from no less eminent a person than Benjamin Franklin ; 
in which he is described as " one who is both an ingenious phi- 
losopher, and a most worthy, honest man ;" and Lord Brougham 
has mentioned that ho was the instructor in mathematics of the 
celebrated Thomas Jefferson. " He is," adds another of his friends 
in writing from London to Ulr. Boulton, to announce his arrival 
in England, " a gentleman of great worth, integrity, and honour ; 
and in the way of his profession he has the best recommendations 
of our most eminent physicians h 
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Watt and his assignees tJie exclusive right to "make, use, exer- 
cise, and vend" the steam-engines of his invention, bow enabled 
him to arrange finally with Mr. Boulton the system on which their 
partnership and proposed manufacture of engines should he con- 
ducted. Of the great difficulties that still remained to be over- 
come in the further prosecution of their undertaking, we may form 
some faint estimate from the remarkable fact, that " at the period 
of the construLtioo of the fint steam engine upon the new princi- 
ples at hoho, the intelligent and judicious Smeaton, who had been 
invited to satisfy himself of the superior performance of the en- 
gine by his onn experiments upon it and had been convinced of 
its great superiority over Nencomen t doubted the practicability 
of getting the difterent parts exeunted is ith the req^uisite precision ; 
and augured from the extreme difiiculty of attaining tliis desider- 
atum, that this powerful machme m its improved form, would 
never be generally introduced Such adds the relator of this 
curious anecdote the late Mr Boulton * ' was at that period the 
low state of the mechanic arts is fully to justify his opinion ; 
but a school of workmen m everj relevant branch, was speedily 
and successfully mitituted in J the fjim'! and construction of the 
machine were perfected with a skill and accuracy till then un- 
known in the execution of large machinery." 

The general curiosity that had liegun to be excited through- 
out England as to the nature and comparative utility of the new 
engines, gave promise of at least a fair remuneration, if they 
could be successfully manufactured. So far back as 1771, Dr. 
Small had written to Mr. Watt, — " At present I am to tell you 
something of consequence, about which it will be proper to speak 
with Dr. Roebuck, to whom I offer my best respects, A friend 
of Boulton and me in Cornwall sent us word four days ago that 
four or five copper-mines are just going to be abandoned, because 
of the high price of coals, and begs me to apply to them instantly. 
The York Building Company delay rebuilding their engine, with 

* Speech at the Public Meeting in FreemnBoua' Hall, in ISSi 
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great inconvenieiice to themselves, waiting for yours. Yestertlay 
application was made to me, by a raining company in Derbyshire, 
to kBow when you are to he in England ahoiit fire-engines ; he- 
cause they must quit their mine if you. cannot relieve them." 
And, in AprO, 1775, " There are several engines," says Mr. 
Boulton, "now wanted in Cornwall ; some of the proprietors of 
mines are impatient to know the event of our BiU and the terms 
we will propose. I have ventured to say to Mr. Glover, (who was 
requested to wait upon us on that subject,) that we will undertake 
and contract to make an engine or engines capable of doing any 
q ttyf kththlll i td d described, for as 

1 ttl y mm 11 t th t capable of doing 

m h w k 1 w 11 t th m t do that work with 

h If th I f t 1 tl t ram w 11 equire, provided 

all d raththUb qltt further savings 

dhoth dhif lA^t September, 1775, 
^ Ik h th b h re \ y th t 11 hia neighbours are 

mp t 1 1 th t f 1 gm S me, he says, have 

p d d th w t ont ! hi fin hed ; and all of 

th m h 11 h th IT m Ite d, which he says 

11 h b tt t d th t d that work alone 

villbe ffi tf 1 I M h 17 6 " I rejoice at the 

weB-doing of Willey engine," (that which had been made for Mr. 
Wilkinson,) "as I now hope and flater myself that we are at the 
eve of a fortune. I wish to see you at Soho as soon as possible ; 
there are many things want you, and I find myself exceedingly 
hurried. People are daily coming to see the engines. Cornwall 
begins to inquire how we go on. I will reserve particulars until 
I see you." And, later in the same year, " I have an application 
for an engine from a distiller at Bristol, to raise 15,000 a!e gal- 
lons per hour 60 feet high ; I have another for a coal mine in 
Wales, another for a Mr. Langdale, of Holborn, a distiller, and 
another for Mr. I^iptrap, at Mile End, a distiller." " If we had 
a hundred wheels ready made, and a hundred small engines like 
Bow engine, and twenty large ones executed, we could readily 
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dispose of them." "We have a positive order for an engine for 
Ting-Tang mine, and from what I lieard this day from Mr. Glover, 
we may soon expect other orders from Comivall. Oar plot begins 
to thicken apace, and if Mr. Wilkinson don't bustle a little as 
well as omiseiveB, we shall not gather our harvest before sunset. 
* • I perceive we shall be hai'd pushed in engine work, but 
I have no fears of being distanced, when once the exact course or 
best track is determined upon." 

Yet, even then, the expectations of both the partners were 
very far indeed from being exorbitant, as to the profits to be de- 
rived from the important branch of mannfaoture on which tiey 
were preparing to enter. "It may be difficult," writes Mr, Boul- 
ton to Mr. Watt, in July, 1770, — more than a year after tlie Act 
of Parliament liad teen obtained, — "to say what is the value of 
your property in partnership with me. However, I will give it a 
name, and I do say that I woukl willingly give you two, or per- 
haps three, thousand pouJids for tlie assignment of your third part 
of the Aet of Parliament But I should be sorry to make you 
so bad a bargain, or to make any bargain at all that tended to 
deprive me of your friendshii>, acquaintance, and a-ssistance, hop- 
ing that we shall harmoniously live to wear out the twenty-five 
years, which I had rather do than gain a Nabob's fortune by be- 
ing the sole proprietor. 

"I would witliout hesitation have sent you the assignment 
and the article of partnership, had it been in my power ; but Mr. 
Dadley, the lawyer, is suddenly called to London, and it cannot 
be had before his j-eturu 5 but if you want to show it to any of 
your friends, you may give tliem a copy of the following heads, 
which I have extracted from our mutual missives, and are to the 
best of my knowledge all tliat our articles contain: — 

" 1st. You Jiave assigned to mo two-thirds of the Act of Par- 
liament, on the following conditions : 

" 2nd, I to pay all expenses of making all the experiments, 
and of obtaining the Act of Parliament, and all other expenses 
relative to the engine which were incnned before Jane, 1775 ; 
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and I am also to bear all the expenses of future experiments, and 
all sucli money is to be sunk by me, and not to bear any interest, 
nor be carried to my account witb you ; but tlie experimental ma- 
cbines are to be my property, as they are purchased at my ex- 
pense. 

" 3rd. I am to advance all tlic stock necessary for carrying 
on the engine trade, for which I am to receive lawful interest. 

" 4tL The profits arising from tlie trade, after paying or de- 
ducting interest, (as in 3rd,) workmen's wages, and all debts ow- 
ing by our engine trade, to bo divided into three parts ; you are 
to take one-third, and I to take two-thirds. 

"5th. You are to make drawings sun'oys, and give direc- 
tions ; the engine company to pay travelling expenses when upon 
business. 

" Cth. I am to take care that the books are kept accurately, 
and that they are balanced once a year ; and I am also to assist 
ill managing workmen, making bargains, or doing whatever we 
may jointly think is for the interest of the trade. 

" 7th. A book to be kept wherein are to be entered such trans- 
actions as are worthy of reconl, and, when signed by us both, 
to have the same force as our articles of pai'tnership. 

" 8th. Keither of us to alienate our sliares without the consent 
of the otlier ; and if either of us should die, or be incapacitated 
from acting for ourselves, the other is to be sole manager, with- 
out control of heirs, executors, or assigns ; but the books are to be 
subject to their inspection, and the acting partner to be allowed a 
reasonable commission for his extra trouble. 

" 9th. The contract to continue in force for twenty-five years 
from the 1st of June, 1775. 

" loth. Our heirs, executors, &c., are bound to observe the 
contract. 

" 11th. In case wo both die, our heirs, &<:■, to succeed upon 
the same plan. 

" This is the essence of all that is contained in our articles of 
partnersliip ! but, being fearful of losing the post, I have written 
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in a great hnrry, and have but ill expressed myself. I wish I 
had more time to tell you all the circumatances that have occurred 
in the engine trade, hut that shall be the subject of my nest. 
All is well, and you'll be quite charmed at the simplicity and 
quietness of Soho engine." 

This letter of Mr. Boulton was written ou an interesting oc- 
casion, to serve as some guide fo his partner in estimating the 
probable amount of his meacs, with a view to the preparation of 
a settlement on his second marriage. For it had now become 
evident that, for the benefit of all parties, and to ensure the suc- 
cess of the new manufacture, it would be necessary for Mr. Watt 
to live in the immediate neighbourhood of Soho ; he thus perma- 
nently abandoning his Scottish domicile, and migrating to Eng- 
land animo remanendi. Before doing so, however, having found 
that the burden of domestic affairs and the care of his children 
interfered seriously with his other pursuits, which had now become 
vitally important, he, after having remained for some years a 
widower, married a second time. The lady of his choice on this 
occasion was Anne, one of the daugliters of Mr. Macgregor, a 
Bubstantial citizen of Glasgow, who, under the instructions of his 
son-in-lawj was the first to practise in this country the useful im- 
provement of employing chlorine in bleaching, which Beithollet, 
its celebrated inventor, communicated to Mr. Watt. She was the 
mother of Gregory Watt, as well as of a daugliter, both of whom 
she had the misfortune to lose by their premature death ; and she 
died in 1832, in advanced old age, after witnessing tlie ripeness 
of the fame of her husband, of whom, M. Arago has justly said, 
"her various talent, soundness of judgment, and strength of 
mind, rendered her a worthy companion." 
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A th p f h 1 att had rather a 

narrow escape from expatriation, and this country from losing all 
the benefit of his unrivalled career of invention. In 1773 he Lad 
received an invitation from his friend Eobison to come to Russia, 
"where he had recommended him to fill some station." But in 
the spring of 1775 an offer was made to him of employment in 
Russia, under the Imperial Government, which, at a somewhat 
■ earlier ^ e 1 a ht i rohahly have met with his thankful ac- 
ceptan e f the sala y promised was 1000/. per annum, and the 
duties eqm ed ivould liave suited well his own inclinations and 
aequii m n s The fier of the appointment in question, however, 
seems t ha e b n ensured by, if it did not originate in, Mr. 
Boulton ha n un led his praises at the Ambassador's ; " and 
h n t lly preferred continuing, with Jiim, those endeavours for 
a p 1 m t y prolongation of his first patent, on which their 
ft a t on was to depend. " Tour going to Russia," says 

M Bo !t n staggers me. The preeariousness of your health, 
th dang f so long a journey or voyage, and my own depriva- 
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tion of consolation, render me a little uncomfortable ; hit I wish 
to assist and advise you for the test, witliout regard to self ; " and 
again, " I shall rejoice at every good that befalls you ; yet, never- 
theless, I find I love myself so well that I should be sorry to have 
you go to Eussin, and I be^ to repent sounding your trumpet 
at the Ambassador's." "Lord, how frightened I was," writes the 
genial and hearty Danvin, " when I heard a Russian boar hatl laid 
hold of you with his great paw, and was dragging you to Eiissia I 
Pray don't go if you can help it. Russia is like the den of Ca- 
cns ; you see the footsteps of many beasts going thither, bat of 
few returning. I hope your fire-engines iviU keep you here." 

The case a]so of a Captain Perry, (who, after having been en- 
gaged by Peter the Great as an engineer, and having served for 
many years in that country, had been obliged to take refuge in 
the house of the I!ritish Ambassador, and to return to England 
without receiving his pay,) as well as representatious of other 
similar instances, alarmed him for the consequences which might 
possibly again attend such despotic predilections ; and recom- 
mended to his mind the less dazzling, but more secure destiny, 
of " a crust of bread and liberty." The Imperial family of Rus- 
sia were then much interested in the various manufactures carried 
on at Soho, and greatly admired their products. In February, 
177C, the Empress stayed for some time at Mr. Boulton's house ; 
"and a charming woman she is," writes her hospitable enter- 
tainer. 

It is rather a singular circumstance that when, iu 1816, his 
Imperial Highness the Grand Duke Nicholas of Kussia, (the late 
Czar,) applied at the Soho works for pennisgion to view their in- 
terior, his application, although supported by a letter from Lord 
Sidmouth, was rejected. The objection felt, however, was not by 
any means to the potentate himself or his immediate friends, but 
to certain persons who followed in his suite, and whom there were 
good reasons for not initiating into the various processes of the 
manufacture. 

Mr. Watt's labours at Soho soon began to manifest the great 
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tages which that establishment afforded in respect of 
materials, workmanship, and business connections. Fortunately, 
the completion of tho reciprocating or conilensing engine was not 
made to wait for that of the more troublesome and uncertain 
wheel-engine; but was at once proceeded with, under "the 
master's eye" and care. A cast-iron cylinder, over 18 inches in 
diameter, an inch thick, and weighing half a ton, but which 
seemed "tolerably true," "not perfect, but without any very 
gross error," was procured from Mr. Wilkinson, and the piston, 
to diminish friction and the consequent wear of metal, girt with 
a brass hoop two inches broad and although n hen farst tried, 
"the engine goes manelloiisly bad, it made eight strokes per 
minute; but. upon Joseph's cndeaiounng to mend it, it stood 
stiil;" and that, too, Ihoiigh the piston was helped with all the 
appliances of "hat," papier mache, grease, black-lead powder, a 
bottle of oil "to drain through the hat ind lubricate the sides," 
and an iron weight above Al to prevent the piston leav mg the 
papier behind in its stroke — yet. after wme imperlections of the 
valves were remedied, " the engine makes 500 strokes with about 
two cwt. of coals ;" and, in anotlier month or two, with better con- 
densation, it "makes 2000 strokes with one cwt. of coals;" no bad 
work for such a machine, as yet but in its childhood. "The copper 
bottom for Uloomiiekl engine is come," at the same time writ«s 
Mr. Uoulton, "and Mr. Hurst promises to forward the others 
directly. The new forging-shop looks very formidable; thereof 
is nearly put on, and the hearths are both built. The two small 
7-inch pumps for our own condenser are Ibis day arrived ; but 
we can't bore them until we have got a block cast for fixing the 
I n kn in, which I shall hasten." And, within six 

m nth th comes this order: — "Pray tell Mr. Wilkinson to 
^ t a 1 n of cylinders cabt and bored, from 12 to 50 inches 
1 amet 1 as many condensers of suitable sizes; the latter 

mu t I e B nt here, as we will keep them ready fitted up, anil 
then an engme can be turned out of hand in two or three weeks. 
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I have fixed my mind upon making from twelve to fifteen recipro- 
cating-, and fifty rotative engines per annum." 

The new engines beginning now to be disseminated over 
many parts of England, and giving entire satisfaction to all who 
availed themselves of the invention, began to attract notice on 
the other side of the Channel. Within a eouple of years after 
the passing of the Act of Parliament of 1773, negotiations were 
set on foot hy MM. Perrier for using Mr. Wattes steam-engines to 
supply Palis with water; and, in 1778, the King of France, by 
a decree, granted to Messrs. Bonlton and Watt an exclusive 
privilege to make and sell their engines in that country. This 
decree, according to the French patent law at that time, could 
not have the force of a patent till an engine had actually been 
subjected to the judgment of certain Commissioners appointed by 
the decree, and had lieen reported hy them to be superior to the 
common engines. The trial engine, it was agreed, should be 
erected at the colliery of a M. Jary, near Nantes, in Brittany ; 
M. Jary, who was a very ingenious man, himself undertaking 
nearly the whole care of the erection, 

" The sum of intelligence concerning Perrier," ivritea Mr. 
Boulton, "is, that, thrnngh interest, he has obtained the King's 
arrH empowering him to raise water from the Seine to supply 
Paris, and erecting a company, copy of which I shall send you; 
that W. Wilkinson went over to solicit order for the pipes, &c. ; 
that Perrier, when he went to. Broseley, was resolved to have 
mm g' th t ft Is he was convinced that ouia 

w m h p d h anted WOkinson to make them 

h m h d d e of applying to us, [Tie] being 

ur V represented that he would be 

b p d he was bound by honour and 

in n h h us ; that W. thought, as being 

d serve Perrier upon moderate 

m ul k p mium in actions, which would be 

a b as b g P terest ; that W., if employed for 

pipes, Ac, takes 100 shares at 50^. each. 
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red, that Perrier had not behaved to us with prudent 
openness or consideration, and had attempted hribing people to 
betray us at London ; that wo had friends in France of interest, 
who had long ago assured us of the protection of the Crown, and 
that the State would see the propriety of having us to erect our 
own machines; and that if they did not, we would not serve 
Perrier so cheap as if they did ; that some of our principal secrets 
were still in our own )ireasts ; that it was more our interest to 
work at home, without France was secured to us;" -fa". * * 
"Perrier is a smith to trade, and reckoned a man of ingenuity! 
but hia scheme is undigesteti, and he is iijnorant e^eri of the 
proper method of conducting the water. The Lieutenant of 
Police is the ultimate judge of disputes in Perrier's scheme. 
Eather than fail, suppose we were fo erect one or two eng^es 
for Perrier upon easy terms, provided he and his iulerest con- 
curred in securing our pro^wrty ia Franco." 

Early in 1771), Terrier visited Soho, "bargained on very 
moderate terms " for engines, and drawings for one were sent to 
Jary by Mr. Watt, to be executed, it would appear, in France. 
Finding, in May, 1780, that the MM. Perrier were to erect three 
fire-engines, "whereof one according to our plan, and the two 
others with * changements qu'il avoit imagine,' if we mean to 
keep this our kingdom of France in proper subjection," wrote 
Mr. Watt, " it will be necessary that one of ourselves go over 
there soon." 

How far MM- Perrier showed off to advantage the engine of 
English design and French construction, appears from tlie report 
of M. De Luc, " who was present at Paris when Perrier called 
the Royal Acadensy to view the engine set out, when, lo! it 
went two long strokes per minute; which be said was owing to 
the want of the steam-case, which in haste he had omitted. This 
being afterwards added, the engine wrought at the rate of four 
strokes per minute, and he (De Luc) never saw it go any fester."* 

* Mr. Watt to Mr. Boulton, 20 Octobtr, 1TB2. 
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This was rather a contrast to the rate at which tho Soho 
engines moved in their own country; and perhaps M. Perrier 
prevailed on the two others, "with variations which he had 
imagined," to mind their hnsiness with more alacrity. But 
when Mr. Watt and Mr. Boulton visited Paris, " We have also 
vindicated," writes Mi'. Watt,* "tlie honour we were robbed of by 
Mr. Perrier's assuming the merit of my invention ; he said our 
coming was un couj? de sou§kt tU^iique jiour hit. He has suc- 
ceeded, however, in having erected a most magnificent and com- 
modious manufactory for steam-engines, where he executes all the 
parts most exceedingly well. He is a man of abilities, and would 
bo very estimable if he were a little more just, (or more honest)" 
And, in 1790, he i^ain writes,f "I have a letter from Mr. 
LevJque of July 4th. He has seen Perrier's engine, which he 
docs not like; says Mr. De Betancoiirt instructed him how to 
make double engines, and has sent a model of them to Spain, as 
he does of everything ho sees ; and has written a memoir upon 
the effects of steam, which will bo published in Prony's ' Hy- 
draulogie.' We must be more and more careful in respect to 
foreigners." M. De Prony (who usually spells the name of Watt 
either }yals or Wast) has an article in his 'Nouvelle Archi- 
tecture Hydra olique,' (No. 1345, tome i., published in 1790,) — 
" Comment M. le Chevelier De Betancourt a demne le prince 
d'une machine i feu posterieurement construite par MM. Wats et 
Bolton :" — on perusing which, it turns out that the engina alluded 
to was the double-engine ; that the method M. De Betancourt 
took to " div me the pnnciple," was to visit and inspect the engine 
itseh at work at Soho ; to observe the piston impelled both 
upwards and downwards by an equal force of steam; and then, 
having made a model, to get MM, Perrier to make an engine on 
the same con^itruction as that which he had thus visited, in- 
speited, and observed at work. 

But it IS satisfactory to be able to add, that, on a personal 

• To Dr. Roebuck. S Febi-uarj, 17K7. \ To Mr, Boiilton, 28 July, 1790. ! 
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aflquaintance with M. De Prony, Mr. Watt found that he was a 
very estimable man ; and that in any mistakes ho had made as 
to t!ie steam-engme, he had proceeded on erroneous information, 
and was anxious to correct them. " I acquit him," writes Mr. 
W., in 1808, "of all blame or envious intention ; he was merely 
the chronicler of what was related to him ; and with such relators 
as Perrier and Betancourt at his ear, what better could be 
expected 1 He knew nothing of me or my works but what they 
pleased to relate. He is himself a most ingenious, modest, and 
candid man, and regrets much his having published what he has 
done, and he offered to msert in hxs next pnhhcation whatever I 
pkised t) ommunicate on the suljecf* In 1810 Mr. W. 
signed BI De Prony 3 certifi ite for the Royal Society ; and, in 
returning it to Mr Emme o]jser\ed that he was glad to have 
had an opportunity of giving this testimony of his est«cm for 

For m-iny jtars after 17" i, Mr Witt resided chiefly in 
Biimin^ham to 1 e near thi, great manutactunng establishment 
t) which his attention tti? now energetically devoted ; hut he 
was sometimes comptlled to he ibsent for long periods, in the 
mining districts of Comwill, — i poor exchange, in his opinion, 
for the intellectual pleasures and hfspitable sociality of the 
neighbourhood of Soho His employments, during those intervals 
of forced absence were to a great extent, neither easy nor 
agreeable He had, in the first pla e, to push Ins great invention 
mto notice and u^e m doing which he ha I to contend not only 
witli such obstacles as nature presentel, m the dark abysses of 
d SI erately flooded mines, but also with the deeply-rooted pre- 
judices of 1 rude and obstinate class of men, generally as incred- 
uloub of the powers of the new machine is thej were ignorant of 
the causes of the imperfections of the old ones. How little, too, 
tlie real merits of machinery were appreciated hy those among 
wiiom he had to labour, appears from an amusing description he 

* Mr. Watt to Mr. James Watf, jun., 10th Sovember, 1803. 
t To Mr. Kennie, 5ih Dceember, ISIO. 
10 
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has given" of one of the first engines ■which he erected in Com- 

11 At 1 t h J th 1 tj 1 m m t d 

1 h bl f th <^ gi 1 t t t t all 

b h U b ! t 111 t tnmm 1th 

t dttk^tl Imkl ht 

M t 1 p 1 t m q t f I h 

1 ft t t th gm m \. 1 1 th hj th t 

ygtd fthpo tothj, twh mtb 

m t k th ! t m nt gm th 

N t llj lis,m lit 1 t t and r« t h 
timltfnm Ibin h dtdwthfn d 

ilib 1 mmd 1 p t d to Ita d d t d 

t 11 t t k h ( h d 1 th m h 

gTt d )ftl t fthn gn If 

in k g r ra t 11 t f II I p 11 d 

t th m t f m d t 1 g t 

f d d I to f t w I j m 

ppt — mtm th. tt mpt — a p t 

hll ttbdllh dh Itly 

twddpdiig Ab d,dlh 

t bl d ffl Itj fi ding int 11 ge t m gmg 

Ik— t il SI ty (-md fr q t f I ) to g t 
the variotis parts of the metal-work executed exactly according to 
his own drawings," which, it is needless to say, were made with 
laborious accuracy and clearness; bo that, "almost distracted 
with multiplicity of orders," he sometimes fancied, he said, that 
he "must be cut in pieces, and a portion sent to every tribe in 
Israel ! " Then, as soon as the real value of the new engines 
began to be at all understood, — as soon as that water whicli was 
reckoned the "heaviest" in the whole county, and which the 
sapient amimg the miners had, in the profimdity"of their wisdom, 
declared would never be "forked," not only was "forked," but 
showed, by the manner in which that process was accomplished, 

* In a letter to Mr, Boultcn from Truro, wittioiit date. 



diy Google 



COENWALL. 219 

that the new engine "might fork anythiBg," — to all his previous 
lahours was addt-d that hateful one of having to ohserie anil 
restrain the piracies which foittwith began to he practisec!, 
secretly at first, hut soon with greater frequency and daring. 

The bare and miserahie aspect of the country in which his 
head-c[Tiart«rs were at such times most commonly fixed, increased 
the gloom of the months ho was compelled to spend there. 
Cornish mines are far from resembling the fabled scenery of the 
golden age ; and the following description of one, though drawn 
with a. lively pencil, and inserted in a work of Action, is, we 
believe, true to Nature ; — " It was an ugly, uninviting place to 
look at, with hut few visible signs of wealth. The earth, which 
Lad been burrowed out by those human rabhits iu their search 
after tin, lay around in huge ungainly heaps ; the overground 
buildings of tiie establishments consisted of a few dl-arranged 
sheds, already apparently in a state of decadence ; dirt and 
slush, and pools of \vater confined by muddy dams, abounded on 
every side; muddy men, with muddy carts and muddy horses, 
slowly crawled hither and thither, apparently w ith no object, and 
eridently indifferent as to whom they miglit overset in their 
course. The inferior men seemed to show no respect to those 
above them, and the superiors to exercise no authority over those 
below them. There was a sullen equality among them all. On 
the ground around was no vegetation; nothing green met the 
eye; some few stunted bushes appeared here and there, nearly 
smothered by heaped-up mud, hut they had about them none of 
the attractiveness of foliage. The i>hole scene, though consisting 
of earth alone, was unearthly ; and looked as though the devil 
had walked over tJie place with hot hoofs, and then raked it with 
a huge rake." * The " dismal weather did not tend to raise his 
spirits;" those wilds, he says, might be defined "a tract of 
hJUs without dales," where the roads went " straight up the hills 
without flioclung," and where, — (the force of savage misery could 

* 'The Three Clerks," vol. i,, p, 190. 



dbyGoot^le 



220 LIFE OF WATT. 

no further golj — "the engine-men actual/// eat the grease for the 
engine!" Sorae of his letters indeed remind one, although, of 
course, in all the sobriety of engineering prose, of the strains in 
which Ovid bewailed his exile to the remote and savage 
Pontusi — "peace of mind, and delivery from Cornwall, is my 
prayer," was his desponding message to Soho in 1782. But, as 
the Muse did not cease, amid the horrors of barbarian skies, to 
cheer with her smiles the lonely hours of the expatriated Eoman 
poet, so the spirit of Invention did not forsake her favourite son 
in his Cornish solitude ; and even his ^Tri&tin' give token of her 
mp t 

Th pt mi I 1 k 1 1 1 1 t m 1 

t i\ 1 m f tl > g b dy 

k bl from th f f h I th 1 I f 

pp Id t Im t f th ra 1 f tl t b t 1 1 y th 

Idadp 11 mt hlhw 

nnpropt t fi t ht Uj i d d t is ti th 

us f h w te by mp 11 tl J jt f 

y p pi by fa h mj f f I d 1 b Id b 

atta d 

H rtl 1 th ult t B It d W tt tl y f 

mimt f ly qtU hf 

1780, " it appears," says Mr. Watt,* " by our books, that Corn- 
wall has hitherto eat up all the profits we have drawn from it, and 
all we have got by other places, and a good sum of our own money 
to the bargain." Even in 1783 he writes, — " we have altered all 
the engines in Cornwall but one, and many in other parts of 
England ; but do not acquire riches so fast as might be imagined ; 
the expenses of carrying on our business are necessarily very 
great, and have hitherto consumed almost all our profits ; but we 
hope to do better by continuing our attention and exertions, and 
by multiplying tlie number of our works." t ^et the state of 
matters from which tlie new steam-engine redeemed the failing 
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mines, is fiius, at the same period, described by hira ; — " Cliace 
water Company snnk 50,000i- and upwards in setting that mine 
to work ; and whether they have recovered it all yet seems uncer- 
tain, although the mine has been tolerably prosperous. Wheal 
Virgin & Co. lost 28,000^. in ten months' unprosperous working. 
Poldice has sunk a very great sum, and is not now gaining nor 
saving. It has cost S5,000Z. to fit up and drain Wheal Virgin in 
this working, and it costs above 10,000/. a-year to draw the 
water, after all that can be done for them. Pool adventurers have 
sunk near 14,000/., and have no great prospect of recovering any 
part of it. Roskeere lias been long languishing, and does not 
now pay costs. At Dolcoath Mine it is said they use 500/. of 
timber per month, and a new kibble rope of above a ton weight 
is worn out in a fortnight. It takes fully 15 minutes to draw a 
kibble of ore there, which weighs only about 3 cwt. On the aver- 
age, above f of the stuff drawn is barren stones. It cost three 
years' work, and, I believe, as many thousand pounds, to sink a 
new shaft in that mine ; — every fathom of an engine-shaft that is 
sunk under the engine costs from 50/. to 100/. United Mines 
have been at death do nd e still in a tottering state. 
Wheal Union adventu s, aft king near three years, were 

glad to sit down wit] a 1 ot 000/- or 8000/. If we had not 
furnished them with m fi t 1 means of drawing the water, 
I believe almost all the 1 ep mm s had been abandoned before 

With Mr. Watt, the whole of the period of which we are now- 
speaking, whether passed by him at Birmingham, in Cornwall, or 
elsewhere, was one of the most continuous, versatile and active 
exertion, and the most profusely fertile in mechanical invention, 
of the whole of his life. This may be said to have Ijeen the case 
more especially as regards the first ten years of the time in ques- 
tion, viz., from 1775 to 1785, during which he secured, by five 
several patents, the invention of the machine for oopying letters 
and drawings, together with those almost innumerable improve- 
ments on the steam-engine, of infinite ingenuity and value, which 
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he had made subsequent to that of the separate condenser ; be- 
sides originating other contrivances, which, although not included 
by him in patents, might have made both the fortune and the 
reputation of many a minor adventurer in that line. 

Taking his patents in their chronological order, the first, (sub- 
sequent to that of 1769,) is that " For a new method of copying 
letters and other writings expeditiously," — which passed the 
Gfreat Seal on the 14th of February, 1780, the specification be- 
ing enrolled on the 31st of May following. The first idea of this 
invention is believed to have ori^tiated in Mr. Watt's mind from 
his perception of the advantages of a scheme proposed by Dr. 
Darwin, of a sort of duplex pen which ho called a bigrapher, 
but which ive are not aware that there is any great reason for 
supposing to have been very successfully employed m practice 
His bigrapher perhaps resembled that notable " instrument for 
writing many copies of the same thing at once," contnied and 
patented by Sir William Petty in 1648, which, " when it came 
to be tried, was found to take considerably more than twice the 
time to produce its two copies than the common pen took to pro- 

To Dr. Darwin accordingly was sent one of the early intima- 
tions of the completion of the modern copying-machine : — " I 
have fallen on a way of copying writing chemically, which beats 
your bigrapher hollow. I can copy a whole-sheet letter in five 
minutes. I send a copy of the other page enclosed for your con- 
viction, and I tell you further that I can do stiil better than that 
copy." t To Mr, Boulton, | " I send you enclosed some of Mr. 
Kobody's draughts, with authentic copies of them. * " The 
copy will continue to grow blacker as other writing does, and I 
fancy you will find the originals rather blacker than they were be- 
fore copying, and, as far as I can judge, not in the least defaced," 
And in December, 1779, he writes to Dr. Black, " In relation to 

* Romance of the Peerage, vol. iv. p. 256-3. 

t The letter is without further date than Binmnghuu, 1779. 

i 28 June, 1TI9. 
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tho copying scheme, the state of it at present is as follows: — I 
have given in a petition for a patent, and it is now in train ; but 
as my occupations and health cannot permit me to follow tliat 
business myself, I have taken in two partners — Mr. Boulton, who 
is to be at the expense of the patent, and Mr. Keir, who is to 
manage the business. 

" In brief, the first idea was the forcing the ink through thin 
paper, so as to appear on the other side ; the second, the improv- 
ing the colour by wetting the paper with aa astringent ; tho tliird, 
the depriving astringents o£ their colour, without depriving them 
of their effects as astrmgenta, tourtlilv, m-inaging the operation 
so as to prevent the ongmal being defated, or forced through to 
the other sidf , but the grcUest part resides in the mechanical 
All this to jourself onlj at present." 

the result of the process its inventor amused 
himself by supplying to others of bis correipondents, as having 
been mystenously done, like the magiual typograpliy of Fust, 
"iVbrt Atramentoaut Plmialt Cannd, sed Arte quadam Nova." 

The difhtultyof finding mafend^ smtahle in aU 
the new process, led him to make a great number of e: 
especially in regard to the ink which was fittest to be used in or- 
der to insure cleame'is and durability in the copy, without injury 
to the original ; and, finding that the time consumed by that long 
series of trials interfered inconveniently with his other not less 
urgent occupations, he assumed as partners in the copjing-presa 
business, as mentioned above, both Mr. Boidton, (who waa at the 
expense of the patent,) and their mutual friend Mr. Keir, who was 
possessed of an active and well-informed mind, and whom his 
own inclinations had lei to the study of chemistry and the appli- 
cation of it to the arts Tint the manufacture of the copying- 
presses prospered under their pint management, is attested by 
the number of public, mercantile, and other ofiices, as well as of 
private individuals, that were supplied with those useful imple- 
ments which haie, indeed, been eier since considered in fiis 
country as indispensable to the rapd easy, and safe transa<jtiott 
of business m every extensn e concern 
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To the inventor tliia ingenious contrivance brought its own 
reward : — for he says in writing to one of his correspondents, (to 
Mr. H. B. Way, 27th March, 1809,} — " It is gratifying that you 
find the copying-machine useful to you. It has been so much so 
to me, for the last twenty-six years, that it has been worth all the 
trouble I had with it, had it been attended with no other profit." 
Early in 1781, his friend Dr. Patrick Wilson ^viote to him on 
this subject, giving a very useful hint, which was carried out in 
practice by the contrivance of damping-boxes made of wood, lined 
with tin-foil or sheet-lead, with a lid fitting close to the interior 
of the sides, bo as to admit of either a small or a large quantity 
of copying-paper being damped at one time. 

"My method is to prepare in daylight, and when at leisure, 
by the wetting book, as much paper as will serve for a month, 
which I presert'e in that state of moisture, by keeping the leaves 
betwixt boards of wainscot with Tin-foil next the paper. I have 
three seta of these boards, for the half-folio, quarto, and next size 
of paper ; but the tin-foil is an inch beyond the leaves all round, 
so as to fold down ; the more effectually to prevent the moisture from 
escapin" The uppermost board is loaded with sheet lead, and 
th 
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It IS hardly necessary that we should here describe the simple 
process, so well understood at the present day, of exposing the 
letter to be copied, interleaved with damp unsized copying-paper 
and oOed paper, or pasteboard, to pressure for a few seconds be- 
tween the rollers of a rolling-press ; or, in iact, to any adequate 
and equable pressure, not too powerful ; so that the ink may he 
duly impressed on the copy without being also forced through the 
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letter-paper so as to injure the appearance of the letter. The 
machines manufactured for this purpose by James Watt and Co. 
(under which firm the Soho copying business was conducted,) were, 
with hardly an exception, made with rollers ; at first of lignum- 
vitse, but afterwards of iron ; the wood having been found, from 
the alteraations of damp and dryness, to have a tendency to crack 

It was, however, also proposed by Mr. "Watt in his specifica- 
tion, to use, instead of a rolling-press, a screw-press, "or any other 
pressure sufficient" for the purpose; and in the screw-press de- 
lineated in the drawing which accompanied it,* will at once be 
recognized what, under a variety of forms and unimportant mod- 
ifications, is in fact the common modem copying-press. But it 
will still, we think, be found, that the rollers, when properly man- 
aged, do their work more efiectually than the screw; and that 
Mr. Watt's preference of them in his own practice was therefore 
not unfounded. 

On the immense utility of the contrivance, it is quite unneces- 
sary to enlarge ; but we may observe that for copying drawings, — 
a purpose for which, though espressly specified, it has, we believe, 
been in general but seldom used, — its merits are quite as great as 
fot that to which it is more commonly applied. The drawing be- 
ing made, as writings ought to be, with ink sufficiently mucilag- 
inous for the purpose, the copy can be taken either on the com- 
mon transparent copying-paper, or on unsized drawing-paper ; — 
in the latter case, the copy being reversed as the impression of an 
engraved plate, care must be taken that any letters of reference, 
or descriptive titles, are not added to either the original or the 
copy until after the latter has been thrown off For this purpose, 
pressure between rollers is decidedly preferable to that obtained 
by the screw. In the establishment at Soho, it has been the 
practice, by the aid of this excellent invention of its great founder, 
to retain copies of the drawings of all the engines sent out from 
that manufactory. 

• ' Mechanical Intentions of James Watt,' vol. iii. plate II. fig. 3. 
10* 
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To this short notice of the copying-machine we have only to 
add, that the late Mr. James Watt, jun., having, in the course of 
his extensive business correspondence and frequent absence from 
home, felt the inconvenience of separation from so useful an as- 
sistant in the labours of the bureau as the machine thus invented 
by his father, contrived an extremely useful portable form of it. 
In this, small brass rollers are used instead of the larger and 
more ponderous iron ones ; and the whole apparatus, with a full 
supply of stationery, &c., is commodiouisly arranged in a travel- 
ling desk of mahogany, little more than a foot square, and not 
above six inches high. The exact dimensions of one now before 
us are 13^ -|- HJ inches; height 5 inches. 

Of the same date as the copying-machino was He. Watt's in- 
vention of a machiac for drying linen and muslin by steam ; a 
drawing of which, with explanations, he sent to Mr. Macgregor, 
hia father-in-law, on the 4th of February, 1781. "It consists," 
he then wrote, " of three cylinders of copper, which the cloth 
must turn over and under while they are filled with steam. I 
have fdso added to it a drawing of the method by which tie water 
condensed may be returned to the boiler. The joinings of the 
parts may be made good with soft solder. * * I presume you 
understand the cloth is to he alternately wound off and on the 
two wooden rollers, hy which means it will pass over the three 
cylinders ia succession." Mr. Macgregor had it executed, under 
the superintendence of Dr. Irvine and Mr. Gilbert Hamilton, by 
John Gardiner, an ingenious artisan whom Mr. Watt had often 
employed as one of his journeymen, in earlier years, when resi- 
dent in Glasgow. " This," he wrote in 181i to Sir David Brewsr 
ter, " I apprehend to be the original from which such machines 
were made, and wliich, 1 believe, is claimed by somebody else. 
If you think it worth publication, I shall cause a copy [to be 
made] and send it you — it possesses some merit." The machine 
" is described in Brewster's Edinburgh Encyclopaedia, vol. xviii, p. 
384, and the drawing of it is engraved on plate dxi. of that work, 
figs. 7, 8, 9, and 10. 
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On the 25th of OctoTwr, 1781, Mr. Watt took out his third 
patent, (the second of the steam-engine series,) of which the 
specification was enrolled, on the 23rd of February, 1782, " for 
certain new methods of applj-ing the vibrating or reciprocating 
motion of steam or Are engines, to produce a continued rotative 
motion round an axis or centre, and thereby to give motion to the 
wheels of mills or other machines." Tbe application for this 
patent was rendered necessary by the difficulties that had been 
experienced in working the steam- wheels or rotatory engines, such 
as that described in the speciiication of 17C!) ; and by Mr. Watt 
having been unfairly anticipated by Wasborough, &c., in the ap- 
plication of the crank. " I know the contrivance," he writes to 
Mr. Boulfon in April, 1781. "is my own, and has been stolen 
from me by the most infamous means, and, to add to the provoca- 
tion, a patent surreptitiously obtained for it. * * I know 
from experiment that the other contrivance which you saw me try, 
performs at least as well, and has, in fact, many advantages over 
the crank." And again, in the same month, "if the King 
should think Matt. Wasborough a better engineer than me, I 
should scorn to undeceive him ; I should leave that to Matthew. 
The conviction would he the stronger, as the evidence would be 



In the Specification, no fewer than five different methods are 
enumerated, by any one of which the proposed end migiit be at- 
tained without the intervention of a crank ; all of them admitting, 
as therein mentioned, of many varieties. Tlie fifth is that com- 
monly knpwn as the ■' Sun and Planet wheels." 

To all of the five methods which it describes, where heavy 
wheels- or swift motions are not otherwise necessary for the uses 
to which the methods are to be applied, the specification recom- 
mends that a fly-wheel should be applied to equalize the motion. 
But, as Mr. Watt has observed, his application of the double en- 
gine, (d^eribed in the specification of 1782.) to those rotative 
machines, rendered unnecessary the counterweight, and produced 
a more regular motion; "so that," he says, "in most of our great 
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manufactories these engines now supply the place of water, wind, 
and horse mills ; and, instead of carrying the work to the power, 
the prime agent is placed wherever it is most convenient to the 
manufacturer." — (Notes to Eobison, p. 135.) 

" From the time of the first invention of the improved en- 
gines," (Mr. Watt writes to his son, 10th Novemher, 1808,) " I 
was desirous of applying them to giving motion to mills in some 
better way than by raising water to turn a water-wheel. One 
method I described in the patent," (i, e., of 1769): "the reason 
why that method was not pursued, it is now unnecessary to enter 
upon. Of another method I made a model soon after, which still 
exists in an unfinished state, and several more have since been 
devised by myself and others. All these were self-acting rotative 
engines, not derived from the rectilinear motion of a piston in a 
cylinder. They have their respective merits ; but instead of be- 
ing more simple in their construction, they are more comples 
than those derived from reciprocating motions, and more difBcult 
in execution. 

" The first I know of, of the latter kind, was one I saw at 
Hartley Colliery about 17C8, which consisted of a toothed sector 
on the end of the working-beam, working into a trundle, which, 
by means of two pinions ivith ratchet wheels, produced a rotative 
motion in the same direction, by both the ascending and descend- 
ing stroke of the arch ; and by shifting the ratchets the motion 
would be reversed at pleasure, when one of the ratchets was ar- 
rived at the bottom. It was employed to draw coals out of a pit, 
bad no fly-wheel, and went sluggishly and irregularly ; the name 
of the inventor I have long since forgotten. One Stewart had a 
patent for an engine which produced a rotative motion, by a chain 
going round a pulley and round two barrels furnished with ratchet 
wheels, with a weight suspended to the free end of the chain, 
which served to continue the motion during the return of the en- 
gine. I have never seen this, but believe there was no fly. 
Whether this was the same as Mr. Clarke's or not, I know not. 
The next I know of is Matthew Wasborough's, which was Tirtu- 
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ally the Bame as that I saw at Hartley, hut Matthew had added a 
Jly-wheel, which, as far as I know, was the first tune that it had 
hcen employed for that purpose. I at present recollect nothing 
of Fitzgerald's rotative engine, hut think it was something of the 
ratchet kind. 

" Tho true inventor of the crank rotative motion was the man, 
(who unfortunately has not been deified,) that first contrived the 
common foot-lathe." {In another letter to his son about the same 
date, Mr. Watt says, " Tho real inventor of the rotative motion 
was the man, he he Chinese, Indian, Arabian, Greek, or Goth, 
who first made a common foot-lathe, Tho applying it to the en- 
gine was merely taking a knife to cut cheese which had been 
made to cut bread.") "My share in the application I remember 
perfectly tol e b en a follows: — Oneof Matthew Wasborough's 
rotative en a was ected at Birmingham, for a rolling-mill, 
and was n 1 ti Iked of This set me again to think upon the 
subject, and I o j,ht to ny remembrance my former meditations 
upon tht. ank the late of which I cannot ascertain." It ap- 
pears to ha el een at all events prior to 1771, for early in that 
year Mr. Watt writes : — "I have at times had my thoughts a 
good deal upon the subject, but have not hit upon anything de- 
cisive i only in general it appears to me that a crank of a suffi- 
cient sweep will be by much the sweetest motion, and perhaps not 
the dearest, if its durability be considered," " I was, however, 
desirous to render the motion continued and equable without a 
fiy-wheel, the regulating power of which I did not then fully ap- 
preciate, nor the advantage to he derived to the engine from the 
crank causing the motion of the engine to be slow at the begin- 
ning and end of the stroke ; which, however, a few experiments 
with other contrivances soon made me sensible of. I then resolved 
to adopt the crank ; and, to equalize the power, I proposed to 
adopt two cylinders acting upon two cranks fixed upon the same 
axis at an angle of 120 from each other, and to place a weight 
on the circumference of the fly-wheel at an angle of 120 from 
each of the cranks ; which weight was to be so adjusted as to act 
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when neither of the cranks could do so, and, consequently, to 
render the power in itselt nparly equable Or to place the two 
cranks at right angles to eaih other, and ti load the outer end of 
the working beams of the two cylinders with weights equal to 
half the power of the reajiectne olindeTS, which might act dur- 
ing the time of the accents of the respective pLSton*! 

"Of this I caused a model to be made, which performed fo 
satisfaction But, being then very much engaged with other busi- 
ness, I neglected to take a patent immediately, and, ha\mg em- 
ployed a hiackguird ot the name of Cartwright, («ho was after- 
wards hangtd,) about this midel, he, when m lompany with some 
of the same sort who worked at Wasborough's mill, and were 
complaining of ita irregularities and trequent disasters, told them 
he could put them m a nay to mike % rotative motion whit h 
would not go out of ordtr nor stun them with its noise, and au- 
cordingly explained to them what he Lad seen me do Soon after 
which, John Steed, who was engineer at Wasboiough'a mill, took 
a patent for a rotative motion with a crank, and applied it to tlieir 
engine. Suspicions arising of Cartwtight'a treachery, ho was 
strictly questioned, and confessed his part in the transaction when 
too late to be of service to us. I had afterwards a converaa- 
' tion with Steed upon the subject, who said that he had made the 
invention before he was informed of Cartwright's communication, 
and had taken his ideas from the common foo1>-lathe ; and that 
Cartwright's information had no other effect than to accelerate his 
taking out the patent. How this was I know not ; it is certainly 
possible that Steed might have invented it ; but what I have re- 
lated is the fact as far as concerns my invention. 

" Finding the door thus closed upon us, and circumstances 
making us unwilling to go to law with the patentees, which could 
only have had the effect of throwing the invention open to the 
public if we had succeeded, we judged it better to let it remain 
with them, — who did not seem capable of doing us much harm, — 
than to let it get into the hands t^ men more ingenious, being 
sensible at the same time that thtar rotative motion could not do 
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much good, without it were attached to our engines. We there- 
fore thought it better to take a patent for several contrivances on 
tha same principle, which the former patentees never thought 
proper to call in question. The revolving wheels was the one 
whith we principally adopted ; hut the advantages of the crank 
in point of Bimplicify have made it now to be generally used, and 
the other to be laid aside, perhaps for ever." 

Witli regard to the fifth Eiethod specified, that, namely, of 
the " sun and planet wheels," which perhaps was the most inge- 
nious and elegant, as well as the most practically useful, of all the 
five, it is to he observed that, although its invention da,ted from 
an earlier period in Mr. Watt's life, it seems to have been revived 
in the interval between taking out the patent and giving in the 
specification. Living at that time in Cornwall, Mr. Watt went 
to Penryn on the 25th of July, 1781, and made the affidavit to 
accompany his petition for the patent ; and on the 3rd of Janu- 
ary, 1782, he writes to Mr. Boulton : — " I wrote to you on the 
3lBt, since which I have tried a model of one of ray old plans of 
rotative engines, revived and executed by Mr. M£urdock], and 
which merits being include I m the apecifi ition as a fifth method ; 
for which purpose I shall send ^ drawmg and description next 
post. It Las the singular pr perty of oOmg twice round for each 
stroke of the engine and may be made ti go ofteuer round, if re- 
quired, without add tional miibinery The wbeel A is fixed at 
the end of an axis whn,h cirnes a Hy the wheel 
B is ifixed fast to the conne ting ro \ from the work- 
ing-beam, and cannot tnm on its axis and is con- 
fined by some means, so as always to keep in con- 
tact with the wheel A ; coiisec[nently by the action 
of the engine it goes round it and causes it to re- 
volve on its axis ; and if the wheels are equal in the number of 
their teeth, A will make two revolutions whUe B goes once round 
it." Two days later,* " I send you the drawings of the 5th 

* 
* To Mr. Bouiton, 5 January, 1T83. 
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method, and thought to have sent you the description complete, 
bat was lata last night before I finished so far, and to-Jay have a 
headache, therefore onlj send you a rough draft of [lart. The 
drawing ia made to ^-inch scale for 6-feet stroke, but must be re- 
duced to tlie :^-inch. * * This 5th method makes an exceed- 
ing good motion, and may in many ways be very useful, from its 
peculiar properties," And, two days later still, — " I wrote to you 
on Saturday, with drawings of the 5th method of rotatives, and 
enclosed I send the complete specification of that method." 

The drawings for this specification were made, in duplicate, 
by Mr. Watt's own hand ; one of Uiem "on stamped parchment 
for want of plain," and the other, " in an elegant manner n^xin 
vellum, being the neatest drawing," he says, " I ever made : and 
[I] have improved tlie construction of several of the machines, 
and represented their stands and several other parts necessary. 
The double-toothed wheels," [the sun and planet motion,] " admit 
of several different applications, one of which admits the rotative 
wheel to be in the middle of an axis, and tliat was the original 
one." Hesaya in another letter, before the specification wasgiven 
in, " I have thought on some ther metl o Is by hich rotative mo- 
tions may be ma le 1 t they are nfer or to those specified, and I 
feared the spe fi at on woul I ha e g vn f ur ja ds long."* 

While p ej ar ^ the spe ih at on of the patent of 17S1, for 
the five methods of pro luc ng, a contm o s rotat e motion round 
an asis f om tl c v b at Eg or re pr at ng not an of steam-en- 
gines, so as to g ve move nent to m 11 ork Mr Watt was already 
arrang g tl e ontents ot anotl er jatent of quite as great im- 
portance The t tie of the new j atent wh cl passed the Great 
Seal on the 12tii of March, 1(82, was quite a general one; being 
" for certain new improvements upon steam or fire-engines, for 
raising water, and other mectanical purposes, and certain new 
pieces of mechanism applicable to the same." But in the speoifi- 

* See the specification printed in vol. iii, of the 'Mechanical InTentiona of 
Jamea Watt,' IBM, pp. 33 to 54 ; and ihe relatlfe drawings engraTed on Plates 
IIL rv. V. TI. BQd V:i. of the same Toliime. 
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cation, which was enrolled on the 4th of July, 1782, are compre- 
hendeci the following' " new improvements ; " — 

1. The use of steam on tlic expansive principle ; together 
with various methods or contrivances, {six in number, some of 
them comprising various modificafions,) for equahsing the expan- 
eive power. 

2. The double-acting engine ; in which steam is admitted to 
press the piston upwards as well ae downwards ; the piston being 
also aided in its ascent as well as in its descent by a vacuum pro- 
duced by condensation on the other side. 

3. The double-engine ; consisting of two engines, primary 
and secondary, of wJiich the steam-vcssels and condensers com- 
municate by pipes and valvea, so that they can be worked either 
independently or in concert; and make their strokes cither alter- 
nately or both together, as may be required. 

4. The employment of a toothed rack and sector, instead of 
chains, for guiding the piston-rod. 

5. A rotative engine, or steam-wheel- 

1. It appears from one of Mr. Watt's letters, (to Mr. Boulton, 
19th November, 1781,) that he had first thought of the expansive 
engine in 17C7 ; and had also explained it to Mr. Smeaton, at 
8oho, some years previous to 1781. Its principle is a curious one, 
and appears at first paradoxical ; for, in fact, by cutting off the 
supply of steam at a certain point before the steam-vessel or cyl- 
inder is full, the same effect is produced as if the steam-vessel had 
been entirely filled with steam : the expansion, or elastic force 
which the steam exerts, doing the same work that in the other 
case would have been done by a greater quantity of steam, and, 
therefore, a further expenditure of fuel. The proportion of steam 
specified by Mr. Watt as being most convenient for admission, in 
common use, was one-fourth of the contents of the steam-vessel ; 
producing an effect equal to more than one-half the effect that 
would have been produced had steam been admitted to enter freely 
into the cylinder during the whole length of the stroke of the 
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piston. But he adds that any other proportion would produce 
similar [proportional] effects, and that in practice he did vary the 
proportions accordingly. 

But the powers thus exerted ty the steam being unequal at 
diiFerent periods of the stroke, while the resistance to be overcome, 
or work to be done, hy the engine, was Bupposed to be equal 
throughout the whole length of each stroke, it was necessary to 
equalise the power of the engine ; for doing which six different 
methods are specifiecl. And, as of two of them, (viz., the first 
and third,) there are two varieties, and of another, (viz., the fifth,) 
there are four varieties, we have here no fewer than eleven varie- 
ties of such equalising machinery described, for particulars of all 
of which reference must be made to the speciflcation, and relative 
plates. 

To exhibit some of those "equalisers" in their embryo stage, 
we may give from Mr. Watt's correspondence the following ex- 
tracts, written between the date of his making the affidavit to ac- 
company the petition, and the enrolment of the specification. 
The extracts are aU from letters written to Mr. Boulton, from 
Cosgarne, (in Cornwall,) and are dated respectively the 9t!i, 11th, 
and 14th of February, 1782 : — " I have nothing new to advise 
you of, except a new method of an equalising beam, by causing 
the gudgeon to change its place, thus — 



The working-beam is made hollow on the under-side, and rests 
upon a roller which has an axis through it, and this axis has a 
wheel fixed upon each end of it, unconnected with the roller, but 
connected together by means of the axis. At beginning of the 

stroke the roller and beam stand thus — 

but as the en^ne-end descends, the curve forces the roller to travel 
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towards the pump-end, and vice vsrsA. N.B. Tlie wheels, and not 
the roller, rest upon the fulcrum or support, I have also made 
sketches of some equalising hearas, which perform by means of a 
roller acting upon a curve in the nature of the working gear ; the 
engine pulls by the arch C, and the pump is hung to the arch P ; 
the roller travels about the length of the stroke, and the curve 
permits a perfect equalisation;" — "I have filled one whole sheet, 
royal, with equalisers, and shall probably fill another before I am 
done ; " — " I remark what you said in your last about equalisers, 




and had thought of the same ; below are two new ones. But the 
flyer is the best of all, and will prove the true equaliser, and will 
have much less friction than any other. It may, however, be 




combined with Bomc of the most simple ones ; and the weight 
raised by the back-stroke may be placed so far above the centre 
as in some measure to equalise itself." 

2. The double-acting engine, as appears from the letter to Mr. 
Boulton already referred to, where Mr. Watt calls it the "double 
cylinder," was also imagined by him about - 1767- A largo 
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drawing of it on parchment, now in our possession, made from a, 
sketcL by Mr. Watt, was laid before the Committee of the House 
of Commons when Mr. Watt was soliciting the Act of Parliament 
for the extension of the patent, in 1774-5. The reason of it not 
having been sooner secured by a patent, was the difficulty which 
its inventor " had encountered in teaching others the construction 
and use of the single engine, and in overcoming prejudices :" — 
and the patent of 1782 was, even then, taken out only in con- 
seqaence of Mr. Watt "finding himself beset with an host of 
plagiaries and pirates." In the same time, and with almost the 
same machinery, the engine on this new principle was enabled to 
do double the work of the single engine, independent of the 
additional saving resulting from the use of the expansive prin- 
ciples already explained, by which it could he used as a double- 
acting expansive engine; in which case the fourth, fifth, and 
sixth of the contrivances for equalising the powers of the steam 
are specified as being pecidiarly applicable. 

One of the earliest double-acting engines completed for sale 
was one of those for the Albion Mills, erected in 1786, at the 
south-east comer of Blackfriars Bridge. " The mention of the 
Albion Mills," says Mr. Watt, " induces me to say a few words 
respecting an establishment so unjustly calumniated in its day, 
and the premature destruction of which, by fire, in 1791, was, 
not improbably, imputed to design. So far from being, as mis- 
represented, a monopoly injurious to the pnblic, it was the means 
of considerably reducing the price of flour while it continued at 

"It consisted of two engines, each of fifty horses' power, and 
twenty pairs of millstones, of which twelve or more pairs, with 
the requisite machinery for dressing the flour and for other pur- 
poses, were generally kept at work. In place of wooden wheels, 
always subject to frequent derangement, wheels of cast-iron, with 
the teeth truly formed and finished, and properly proportioned to 
the work, were here employed ; and other machinery, which used 
to be made of wood, was made of cast-iron, in improved forms ; 
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and I believe the work executed here may be said to [have] 
fona[edJ the commencement of that system of mill-work which 
has proved so useful to this country. In the construction of that 
miU-work and machinery, Boulton and Watt derived most vaIu- 
ahle assistance from that able mechanician and engineer, Mr. 
John Rennie, theo just entering into business, who assisted in 
planning them, and under \Yhose direction they ■were executed. 
The engines and mill-woik were contained in a commodious and 
elegant building, designed and executed nnder the direction of 
the late Mr. Samuel Wyatt, architect."" 

"We may add, that Mr. Peter Ewart was then Eennie's ap- 
prentice, was sent for from Scotland expressly to assist in the 
erection of those mills, and was employed for four years v]>Qti 
them as a raillwrighti when his great mechanical talents and 
industry sufficiently recommended him to Lis fiiture employers, 
patrons, and friends, Messrs. Boulton and Watt.j 

We have here spoken of the "double-acting" engine, (a name 
sometimes applied to it on its first introduction,) to distinguish 
it from the next of the new improvements included in the specifi- 
cation of 1782, viz. ;— 

3. The double, or coiniiowid engine ; the nature and advan- 
tages of which are (bus shorlly described by Mr. Watt : — " A 
new compound engine, or method of connecting together the 
cylinders and condensers of two or more distinct engines, so as 
to make the steam which has been employed to press on the 
piston of the first, act expansively upon the piston of the second, 
&c., and thus derive an additional power to act either alternately 
or conjointly with that of the first cylinder. "f 

4. Toothed rack and sector, instead of chains, for guiding the 
piston-rod. In consequence of Mr. Watt's beautiful invention of 
the Parallel Motion, made at no distant date from that of this 

• Notes on Bobison, p. isr. 

■f See the ■ Address of the President,' James Walker, Esq., ' of the Institu- 
tion of Civil Engineers, to tlie Annual General Meeting, January 17, 1843.' 
t Notes on Robiaon, p. 150, 



dbyGoot^le 



238 LIFE OP WATT, 

specification, the rack and sector may be looked on as having 
been only a, temporary expedient to avoid the inconveniences 
which had heen found to result from the old system of chains 
connecting the pi=ton-rod with the heam. 

5. Rotative engine, or steam-wheel. For the reason already 
mentioned when treating of the patent of 1781, viz. : that " self- 
acting rotative engines, not derived from the rectilinear motion 
of a piston in a cylinder, instead of being more simple in their 
construction, are more complex than those derived from recipro- 
cating motions, and more difficult in execution," it seems 
unnecessary to enlarge on this article, which is fully described in 
the specification.* 

* Sec the apecificntion of this third Eleam-enginc patent, printed in vol. iii. 
of the 'Mechanical Inienlions of JttmBS Wail,' 1 854, pp. 55 to 8T ; and the tcla- 
tivB drawings, engraved in the same volume, Plates VUI., IX., X., XI„ XII., 

XIIL, xrv., XV., XVI., XVII., XVIII., and XIX 
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A rAVOimiTE employment of Mr Watt m the workshops at Soho 
m the latter months of 17S3 and eailier one? of 1784, was to 
teach hi? stcam-engme, now become nearly as docile as it ■nas 
powerful, to work a tilt hammpr for forging iron and mating 
steel So fax baik as 3 May, 1777, he had mformei Mr Boulton 
that "[John] Wilkinson is going to work in the forge waj, and 
wants an engine to raise a stamp of 15 cwt. thirty or forty times 
in a niinute. I have set Webb to work to try it with the little 
engine and a stamp-hammer of 60 lbs. weight. Many of these 
battering itmis will he wanted if they answer." During his long 
ahsence, and constant occupation in Cornwall, this labour seems 
to have been intermitted ; and we do not find it resumed in 
earnest till November, 1782. Then "the rotative motion and 
mi!l part answered to every expecta,tion, hut the hammer-frame 
and anvil-block were not sufBciently secured, which, however, I 
have given orders for doing. And as the engine has a great 
overplus of power, I mean to increase the weight of the hammer 
to ahout IJ cwt., and to cause it to make 250 or 300 strokes per 
minute, by diminishing the height it rises to 9 or 10 inches. 
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Tte present facts are: cyl nder 15 nches diameter and 4 feet 
stroke, 25 strokes per m n te 1 an ner makes 6 l^lo s i er stroke 
of tte engine ; fiy under j c t ind 7 fee da neter hammer 
120 lbs., and 18 incLe& de stnkeb a good H and forges 
iron very well. The camms ere nood an I were ut all to 
pieces by the anvil-hlock s nk ng I hi e or lered eel ones to 
be made, which I expect w 1 tand t * On the 30th of Novem- 
ber he J — I tl tlf go adn rablyfrom 16 to o strokes 
per m n t nit Id ha go e mu h fas er 1 ut our men 
could ntwkthirnnlrt J ^eph sa d that vesterday 
they mad t 28 t t p mn e whcl ? m ch more than 
the engin h uld d by mj 1 uHt on? b t n th n \-ii of our 
glory, th h mm h 1 I k t appeirs to ha e been rotten. 
The steel an w y n el3 an 1 the hole 11 answer 
better hnmdth Islft and more strokes as it will 
then an fa imn n t It for steel it present the blow is 
so stro that w 1 n t att raj t to loich a p ece of roo under 
IJ inch q a th t knocks t t p eces B'v the help of 
some m w ht n th ter nd f the beam t goes so 
regolar that y u a t t 11 when the engine s go ng out or 
when m ng On th 12th of De d be — I went out to 
Soho y t day f noo h j ng the engine oul 1 le ready for 
trial, but it was not. I tl e e e ro" they wro ght t "* hours, 
240 blows per minute, r se of ham ner 8 nclies On he 13th, — 
" We have tried our ! t le t It ng fo ge hi nmer it S ho, with 
success. The following are some of the part eulars — cylinder 
15 inches diamet«rj 4 feet stroke st okea per m nute 2Q. The 
hammer-head, 120 Ihs. we gl t nsea 8 n 1 es strikes 240 blows 
per minute. The macl me goes qu te reg lar and can be man- 
aged as easily as a water null It req ires a \erj small quantity 
of steam, not above half he contents of the cyl nder per stroke. 
The power employed s not more than \ of what vrouid be 
required to raise the quint ty ot water whit.h would enable a 

• To Mr. BoultoD, SS NoTember, 1782. 
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water-wheel to work ike same hammer witlj tiie same velocity," 
Nest month, they were " making another to work a hammer of 
700 lbs., which will soon ho at work." This was for Mr. John 
Wilkinson at Bradley, and, on the 27th of April, 1783, Mr. Watt 
writes, "We have had a trial of ou w f gin t B dley; 

cylinder 42 inches diameter, GfLtk Mk fmlSto 
50 (even CO strokes per minute) at jl k a 1 er of 

7^ cw{. raised 2 feet high, which m k 6 t k p t ke of 
the engine, and has struck 300 bl p m t how- 

ever, going to make it strike only 4J 1 1 p rol f the 
engine, because ive want the latter to go 20 strokes per minute, 
and thej" want only 00 blows of the hammer in that time ; hut 
will increase the weight of the hammer to 10 cwt. U. B. The 
engine is to work two hammers, but is capable of working four 
hammers, of 7 cwt. each." 

In a letter written on the previous day, he had said, with 
excusable jiride, " I believe it is a thing never done before, to 
make a hammer of Uiat weight make 300 blows per minute ; 
and, in fact, it is more a matter to brag of than for any other 
use, as the rate wantetJ is from 90 to 100 blows, being as quick 
as the workmen can manage the iron under it." 

This most valuable application of steam-power was, accord- 
ingly, reserved for insertion in yet another patent, which Mr. 
Watt took out on the 28th of April, 1784. The relative specifi- 
cation, enrolled on the 2Stli of August in that year, may probably 
be viewed aa second in importance to none of those prepared by 
Mr. Watt subseq^uent to that of the Separate Condenser in 1769; 
as, besides many improvements now of minor consequence, such 
aa steam-wheels, balancing of pump-rods, communication of 
motion from the same engine to two separate primary axes, and 
apparatus for opening the regulating- valves with rapidity, it 
contains various methods of converting a circular or angular 
motion into a perpendicular or rectilineal motion, — one of those 
methods being the well-known and much-admired Parallel 
Motion; — a method of working a tilt-hammer for forging iron, 
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making steel, &o., by steam; — and the application of the Bteaia- 
eiigine to give motion to wheel carriages for carrying persons or 

Of the last-mentioned invention, and of its inventor's views 
of the subject of locomotion by steam, in general, we shall 
presently treat. Of the invention of the Parallel Motion, — a 
beautiful mechanical puzzle which different philosophers have 
attempted to explain in various ways, bat which has umfoimly 
commanded the admiration of all who either comprehend the 
principles on which it acts, or behold the smoothness, orderly 
power, and "sweet simplicity" of its movements, — we find the 
following accomit in a letter from Mr. Watt to his son, already 
cited; (Mr. Watt to Mr. James Watt, 10th November, 1808 :) 

" The idea originated in this manner. On find n d ble 
chains, or racks and sectors, very inconvenient f mmu 
eating the motion of the piston-rod to the angula n t ot the 
working-beam, I set to work to try if I could not nt e s me 
means of performing the same from motions turnin j n nt es 
and after some time it occurred to me that AB, CD I em t o 
equal radii revolving on the centres B and C, anl nn t 1 
together by a rod AD, in moving through arches of e ta n 1 n<rth 
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the variations from the sta'aight line would be nearly equal and 
opposite, and that the point E would describe a line nearly 
straight, and that if for convenience the radius CD was only half 
ot AB, by moving the point E nearer to D, the same would take 
place; and from this the construction, afterwards called tlie 
parallel motion, was derived. * • Though I am not over 
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anxious after fame, yet I am more proud of the pavallel motion 
than of any other mechanical invention I have ever made." 

See also on this subject Mr. Watt's Appendix on 'Eohison on 
Steam and Steam-engines,' pp. 152, 153, where he mentions that 
" the invention was made in the latter end of 1783." 

The manner in which we find the contrivance of this admira- 
ble piece of mechanism first recorded in his correspondence, al- 
though six months later than the date thus assigned to it by Mr. 
Watt, is interesting : — "I have started a new ha^e. I have got 
a glimpse of a method of causing a piston-rod to move up 
and down perpendiculiirly, by unly fixing it to a piece of iron 
upon the beam, without chains, or perpendicular guides, or un- 
towardlv frictions, arch-heads, or other pieces of clumsiness ; by 
which contrnance, it it answers fully to expectation, about five 
feet in the height of the [engine-] house may bo saved in 8-feet 
strokes, which I lool.. upon as a capital saving ; and it will an- 
swer for double engines as well as for single ones. I have only 
tried it in i slight model yet, so cannot build upon it, though I 
think it a 1 ery piobable thing to succeed, and one of the most in- 
genious simple pieces of mechanism I have contrived, but I beg 
nothing may be said on it till I specify,"* And again, on tbe 
llth of July: — "I have made a very large model of the new 
substitute for racks and sectora, which seems to bid fair to answer, 
The rod goes up and down, quite in a perpendicidar line, without 
racks, chains, or guides. It is a perpendicular motion derived 
from a combination of motions about centres, very simple, Las 
very little fiiction, has nothing standing higher than the back of 
tbe beam, and requires the centre of the beam to be only half the 
stroke of the engine higher than the top of the piston-rod when 
at lowest, and has no inclination to pull the piston-rod either one 
way or another except straight up and down. It has rather more 
power at beginning and end of the stroke than in the middle, — 
I think about one-sixth ; which I believe will do no hurt in rota- 

To Mr. Boiilton, 30 June, IT34. 
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tive motions, and little in any case. Beams mounted in this way 
need no arches ; and the whole iron-work will not, I think, he 
more than chains, martingales, and their appendages, if quite so 
much. However, don't pride yourself on it ; it is not fairly tried 
yet, and may have unknown faults. Where it is used, the beams 
will be best above the centre of motion, which will answer doable 
eng^ea very well, and may in most cases be dispensed with in 
the others." On the 21st of October, 1784, he writes: — "The 
new central perpendicular motion answers beyond expectation, 
and does not make the shadow of a noise."' * 

The manufacturing profits which Boulton and Watt stipulated 
to receive from the Cnmish miners who used their engines, were 
at first one-third of the savings of fuel made hy each engine, 
ivhea compared with a common one burning the same kind of 
coal, to be paid annually or half-yearly, with an option of re- 
demption at ten years' purchase. In point of fact, they did not 
receive nearly that proportion ; but still, such was the agreement 
made, and such, had it been honestly adhered to on the side of 
the miners, would have been the amount paid. It therefore be- 
came essential to ascertain the exact number of strokes made by 
each engine during any given time, and that in a way that 
should be independent of all possibility of deception or interfer- 
ence by those employed about tlie engine. This object was fully 
attained by Mr. Watt's invention of his " Counter ; " a neat piece 
of clock-work containing a pendulum, a train of wheels witli an. 
escapement, and several dials like those of watches graduated : 
with numbers, and each with its index : the first index marking, ; 
on its own dial, tens ; the next, hundreds ; the next, thousands ; 
and 80 on in the same ratio up to any required amount. Eight ' 
dials, with their respective indices, were found sufficient to count 
the strokes of an engine going constantly, day and night, for a 

* The specification of the patent of April S9th, 1J84, ia printed in the ' Me. ■ 
chauical Inventions of James Watt,' 1354, vol. iii., pp. 8B to 114; and the relfl. i 
tive drawings are engraved on Platts XX., XXI., XXIL, XXIII., XXIT., XXV., 
XXVL, XXVII., and XXYIII, 
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year. The pendulum, was fixed horizontally and transversely 
across the width of the heain, with tlie axes of the wheels vertieal, 
while the beam was horizontal, and the piston at the middle of a 
stroke ; thus at every inclination of the beam either downwards 
or npwards, the pendulwm moved across the width of the box, 
and, by the vibratory movement of the pendulum and pallets, the 
escapement wheel was turned one tooth for each complete stroke 
of the piston. And the whole work of the counter being en- 
closed in a box which was fastened by screws from within on the 
great beam of the engine and then locked, was inaccessible ex- 
cept to those in possession of the key. 

Some otlier equally ingenions inicntions, introduced by Mr. 
Watt at various periods, very greatly increased the utility of the 
engine ; and although it would be vain here to attempt to give 
anything like a complete enumeration of his almost endless con- 
trivances connected with the details of the diffeient parts, yet we 
may mention especially, as among the leading improvements, the 
Throttle-Valve, the application of the Governor, tbe Barometer or 
Float, the Steam-Gauge, and the Indicator. 

The great use of the Throttle- Valve was to regulate the speed 
of the rotative engines for mill-work, a matter essential to their 
application to cotton-spinning and many other like purposes ; it 
is described by Mr. Watt as " a circular plate of metal, having a 
spindle fixed across its diameter, the plate being accui'ately fitted 
to an aperture in a metal ring of some thickness, through the 
edgeway of which tbe spindle is fitted steam-tight, and the ring 
fixed between tJie two flanches of the joint of the steam-pipe which 
is next to the cylinder. One end of the spindle, which hiis a 
square upin it, comes through the ring and has a spanner fixed 
upon it, by which it c^n be turned in either djrectnn. When the 
vaheis paralltl to the outsidos of the rmg, it bhuts the opening 
nearlj ptrfcctlj , but when its j.lane lits at in angle to the ring, 
itadmitsmoie or less steam iccoidmg ti the degree it has opened; , 
consequentlj tlie piston is acted upon w ith more or less force. 
For manj puipos>cs engines are thus ngulated by hand at the 
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pleasure of the attendant ; but ivhere a regular velocity is re- 
quired, other means must be applied to open and shut it, without 
any attention on the part of those who have the care of it. 

" For this purpose Mr. Watt had various methods, hut at last 
iixed apon what he calls the Governor, consisting of a perpendic- 
ular axis, turned hy the engine : to a joint near the top of this 
axis are saspended two iron rods carrying heavy balls of metal at 
their lower ends, in the n f f p nd lums. When this axis ia 
put in motion by the enmn th ball ecede from the perpendic- 
ular by the centrifugal i an 1 b means of a combination of 
levers fixed to their uppe n 1 a e the end of a lever which acts 
upon the spanner of th th ttl al and shuts it more or less 
according to the speed f th n that as the velocity aug- 
ments, the valve is shut, until the speed of the engine and the 
opening of the valve come to a maximum, and balance each other. 
The application of the centrifugal principle was not a new inven- 
tion, hut had been applied hy others to the regulation of water 
and wind mills, and other things ; but Mr. Watt improved the 
mechanism hy which it acted upon the machines, and adapted it 
to his engines." 

" Such," says M. Arago, — in describing Mr. Watt's applica- 
tion to the steam-engine of the " governor" or " regulator by cen- 
trifugal force," — "was its efficacy, that there was to be seen at 
Manchester a few years ago, in the cotton-mill of Mr. Lee, a man 
of great mechanical talents, a clock which was set in motion by 
the steam.-engine used in the work, and which marked time very 
well, even beside a common pendulum clock." * 

" From the beginning, Mr. Watt applied a gauge to show the 
height of the water in his httle boiler, which consisted of a glass 
tube communicating at the lower end with the water io the boiler, 
and at the upper end with the steam contained in it. This gauge 
was of great use in his experiments, but in practice other methods 

* TransiatioQof the'ElogeofWalt/p. e7, ed. 1830.— Mr. Lee was a brother 
of Sophia aod Harriet Lee, the well-knowQ aulboressea of the ' Canterbury Talea,' 
(IIeT-1805,) and of several other works. 
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He has always used a barometer to indicate the de- 
gree of exhaustion in his engines. Sometimes that instrument is, 
as ustial, a glass tube 33 or 34 inches long, immersed at bottom 
in a cistern of mercury, and at top communicating by means of a 
small pipe and cock with the condenser. The oscillations are in 
a great degree prevented by throttling the passage for the steam 
by means of the cock. 

" But, as glass tubes were liable to be broken by the work- 
men, barometers were made of iron tubes, in the form of inverted 
syphons, one leg about half the length of the other ; to the upper 
end of the long leg a pipe and cock were joined, which communi- 
cated with the condenser; a proper quantity of mercury was 
poured into the abort leg, of the syphon, and naturally stood 
level in the two legs : a light Float with a slender stem was 
placed in the short leg and a scale, divided into half-inches, 
applied to it, which (as by the exhaustion the mercury rose as 
much in the long leg as it fell in thu short one) represented inches 
on the common barometer. 

" The Steam-Gauge ia a short glass tube with its lower end 
immersed in a cistern of mercury, which is placed within an iron 
box screwed to the boiler steam-pipe, or to some other part com- 
municating freely with the steam, which, pressing on the surface 
of the mercury in the cistern, raises the mercury in the tube, 
(which is open to the air at the upper end,) and its altitude serves 
to show the elastic power of the steam over that of the atmosphere. 

"These instruments a f g t h u they are kept ia 

order, in showing the sup nt nd nt th tat f the engine ; but 
slovenly engine-tenders a b t t apt t put them out of order, 
or to suffer them to be It th mt t however, of every 

owner of an engine to s that th y w 11 as all other parts of 
the engine, are kept in d 

"The barometer being alapted nly t a rtain the degree 
of exhaustion in the cond wh t a tions were smaO, 

the vibrations of the me y nd d t y difBcult, if not im- 
practicable, to ascertain the state of the exhaustion of the cylin- 
der at the diffeifint periods of the stroke of the engine; it became 
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of the piston is guided in the direction of the axis of the cylin- 
der, 80 that it may not be subject to jam, or cause friction in any 
part of its motion. The bottom of tliis cylinder lias a cock and 
siaall pipe joined to it, whicli, having a conical end, may bo in- 
serted in a hole drilled in the cylinder of the engine near one 
of the ends, so. that, by opening the smnll cock, a coiiimuiii- 
cation may be effected between the inside of the cylinder and the 
indicator. 

"The cylinder of the indicator is fastened upon a wooden or 
metal frame, more than twice its own length ; one end of a spiral 
Bteel spring, like that of a spring steel-yard, is attached to the 
upper part of the frame, and the other end of the spring is at- 
tached to the upper end of the piston-rod of the indicator. The 
spiing is made of such a strengtli, that when the cylinder of the 
indicator is perfectly exhausted, the pressure of the atmosphere 
may force its piston doivn within an inch of its bottom. An in- 
dex being fixed U> the top of its piston-rod, the point where it 
stands, when quite exhausted, is marked from an observation of 
a barometer communicating with the same exhausted vessel, and 
the scale divided accordingly." 

"The joints of the cylinder, and other parts of Newcomen's 
engines, were generally made tight by being screwed together 
upon rings of lead cover.ed with glazier's putty, which method was 
sufficient, as the entry of small ijuantitiea of air did not material- 
ly affect the working of those engines where only a very imper- 
fect exhaustion was required. But the contrary being the case in 
the improved engines, this method would not answer Mr. Watt's 
purpose. He at first made his joints very true, and screwed them 
together upon pasteboard, softened by soaking ia water, which 
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i tolerably well for a time, but was not sufficiently dura- 
ble. He therefore endeavoured to find out some more lasting sub- 
stance ; and, observing tliat at the iron founderies they filled up 
flaws by iron borings or filings moistened by an ammoniacal 
liquor, which in time became hard, he improved upon this by 
mixing the iron borings or filings with a small quantity of sul- 
phur and a little sal-ammoniac, to which he afterwards added 
some fine sand from the grind stooe-tronghs. This mixture being 
moistened wiih water and spread upon the joint, heats soon after 
it is screwed together, becomes hard, and remains good and tight 
for years; which has contributed in no small degree to the per- 
fection of the engines. Mr. Murdock, much about the same time, 
without communication with Mr. Watt, made a cement of iron 
borings and sal-ammoniac, without the sulphur. But the latter 
^ves the valuable property of making the cement set imme- 
diately." 

To those who study the physiological development of the 
mind, every fact in the history of an intellect such as that of Mr. 
Watt, is of peculiar interest. For of all the mental powers, the 
faculty of mechanical inventiveness is perhaps the most rare ; 
and Mr. Watt has long been, by the consent of the greatest men 
of science in the world, placed " at the head of all inventors in all 
ages and nations." * It thus becomes worth remarking, that the 
ten years subsequent to 1775, during which he took out his five 
last patents, and made those other improvements on the steam- 
engine of which we have now given some account, were the pe- 
riod during which he seems to have combined the greatest ma- 
turity with the greatest activity of intellect ; and that the tune 
of his Hfe which they comprehended, was from his fortieth to his 
fiftieth year. The labour involved in devising and adapting to 
practice his new inventions, and in preparing the drawings and 
descriptions of them required for the specifications of his patents, 
was, indeed, only a small part of that which he then under- 

* Sir James Mackintosh, Speech at Ihe Meetiag at Freemaaona' Eall, 1824. 
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went; for he was, for a great portion of the time, as we have 
already mentioned, daily occupied in superintending the erection 
of new engines or the alteration of old ones, — in watching and 
defeating the continual attempts made to pirate his inventions 
and rob his partner an 1 h'msclf of iheir moderate gains, — in 
" giving," as his son has sa 1 the conitant attention necessary 
to the concerns of a nasce t nanufa t ry, and himself writing 
volumes of other letters on bus net>s wi loh alone would have fur- 
. nished full employment e en to an niJustiious intellect" "His 
mind also," continues the same excellent authority, ''had been 
greatly affected by his unavoidable absence fioiu the death-bed 
■ ; * and during the greater part of the time, I 
g him suffer under most acute sick headaches, 
:side for hours together, with his head leaning on 
his elbow, and scarcely able to give utturance to his thoughts. 
It was unquestionably the busiest as well as the most anxious 
period of his life, and fraught with the most important results." 

Often, ia the course of the period of which we have been 
speaking, especially towards its close, we find him uttering com- 
plaints of his bad health, of what he calls his own " stupidity," 
and " want of the inventive faculty ; " complaints which, had they 
issued from less sincere lips, might have been almost deemed iron- 
ical, but were with him, like everything else that he uttered, the 

■ • Mr. Watt, Bonr., died in Grecaock in Augusi, 1189. Ou the Ist of Septem- 
ber bis son writes, on receiving the inlelligence of that event, to Mr. Cocbraae ; 
" Yesterdaj brought me jouc leltcr of the 23rd, containing the atBioting Qowa 
of the dealh of my wocthj and kind father. When we consider bis death as a 
reniOTal from a, atalo of pain and disease to a state where we must hope tbat ha 
Trill meet the reirard of a well-spent and laborious life, we cannot iiith reason 
bewail his loss ; yet there ia aomething so afflicting in the thought of the Unal, 
solemn depaiiure of a belored friend and revered parent, that though I bare 
been, bj his long illness and declining state, prepared for tho event, the account 
of it has given me much pain. * * 

" It behoves me now, however, to lay aside unavailing regret, and to thank 
God that he has hitherto preserved me from signal misfortunes. 

" My wife and family are all well, and my children are promising, which cir- 
cumstances I have great reason to be grateful for, however I may be otlierwise 
afflicted." 
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bouest expression of the trae feelings of his mind. Towards the 
close of 1785, he says, " my own health is so had that I do not 
think I can hold out much longer, at least as a man of hnsiness." 
" I cannot help heing dispirited, because I find my head fail me 
much ; business an excessive harden to me, and little prospect of 
any speedy release from it Were we both young and healthy, I 
■, but very much the contrary ; however, 
t m H wh 

tl h 1 I h d 
t w th g 
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like Lovelace, I 'curse my inventions,' and almost wish, if we 
could gather our money together, that somebody else should suc- 
ceed in getting our trade from us." And, in June of the same 
year, " I should have written to you long ago, but have realiy 
been in a worse situation in some respects this spring than I have 
ever been in my life. The illness I was seized with in London in 
the spring greatly weakened me both in body and mind ; and, I 
believe, was brought on by over- exertions, endeavouring to get 
home as soon as possible. The bodily disease has in great measure 
subsided ; but an unusual quantity of business, wliich by Mr. 
Boalton's frequent and long absences has fallen wholly on me, 
and several vexations, with the consequent anxious thoughts, have 
hitherto prevented my mind fram recovering its energy. I have 
been quite effete and listless, neither daring to face business, nor 
capable of it ; my head and memory failing me much ; my stable 
of hobby-horses pulled down, and the horses given to the dogs 
for carrion. In such a situation it requires something very 
pressing, or very animating, to make one put pen to paper, I 
have had serious thoughts of throwing down the liurthen I find 
myaelf unable to carry, and perhaps, if other sentiments had not 
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beea stronger, should have thougtt of throwing off the niorUl 
coil ! but, if matters do not grow worse, I may perhaps stagger 
on. Solomon said that in the increase of knowledge there is 
increase of sorrow : if he had substituted business for knowledge, 
it would have been perfectly true." 

The history of one other patent will exhaust the senes of those 
taken out by Mr. Watt. On the 25th of March, 1785, he wrote 
to Mr. Boulton, " I think we are In the way of getting quit of 
smoke in the engines ;" and on the 10th of Septemlier in the 
same year, to Mr. De Luc, " I have some hopes of being able to 
get quit of the abominable smoke which attends fire-engines. 
Some experiments which I Lave made promise success. It is not 
on Mr. Argand's principle, but on an old one of my own, which 
is exceedingly difierent." On the 9th of October, " We had a 
first trial yesterday of a large furnace to hum without smoke 
under the big boiler, at Soho, that used to jwison Mr. B.'s garden 
so much, and it answered very well, as far as we could judge 
from a wet furnace, and without the engines being at work." 

Of the date of this invention being devised or completed by 
Mr. Watt, we have no more exact information; but in September 
of the same year in which he obtained his patent for it, he men- 
tioned that the principle on which it proceeded was " an old one 
of bis own." Until that time, he does not appear ever to have 
tried it on a large scale ; but, both then and since, it hag, we 
believe, been always found fo answer well in practice. " It is 
astonishing," writes his son Mr. James Watt to him from Man- 
chester in 1700, "what an impression the smoke-consuming 
jxiwer of the engine has made upon the minds of everybody 
hereabouts ; nobody would believe it until the engine was set 
a-going, and even then they scarcely trusted to the evidence of 
their senses. You would be diverted to hear the strange 
hypotheses which have been started to account for it. However, 
it has answered one extremely good end, — it has made your 
engines general topics of conversation, and consequently tmi- 
versaUy known ; which they were by no means before in this 
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ccmntry." Aiid on the 14tli of June, 1785, he took out a patent 
"for certain newly-improved methods of constructing furnaces or 
fire-places for beating, Ijoiling, or evaporating of water and 
other liquids which are applicable to steam-engines and other 
puiposcs, and also for heating, melting, and smelting of metals 
and their ores, whereby greater effects are produced fi-om the 
fuel, and the smoke is in a great measure prevented or con- 
sumed," which newly improved methods he describes to consist 
"in causing the &raoke or flame of the fresli fuel, in its way to 
the tines or chimney, to pass together with a current of &esh air 
through, over, or among fuel which has already ceased to smoke, 
or which is converted into coke, charcoal, or cinders, and whicli 
is intensely hot, by which means the smoke and grosser parts of 
the tlame, by coming into close contact with, or by being brought 
near unto the said intensely hot fuel, and by being mixed with 
the current of fresh or unbumt air, are consumed or converted 
into heat, or into pure flame free from smoke." 

"I pnt this in practice," he continues, — "First, by stopping 
up every avenue or jrfissage to the cbimuey or flues, except such 
as are left in the interstices of the fuel, by placing the fresh fuel 
above, or nearer to the external air, than that whicb is already 
converted into coke or charcoal; and by constructing the fire- 
places in sueli manner that the flame, and the air which animates 
the fire, must pass downwards, or laterally or horizontally, 
through the burning fuel, and pass from the lower part, or 
internal end or side of the fire-place, to the flues or chimney. 
In some cases, after the flame bas passed through the burning 
fuel, I cause it to pass through a lery hot tunnel, flue, or oven, 
before it comes to the bottom of the boiler, or to the part of the 
furnace where it is proposed to melt metal, or perform other 
office, by which means the smoke is still more eifectualiy con- 
sumed. In other cases I cause the flame to pass immediately 
from the fire-place info the space under a boiler, or into the 
bed of a melting or other furnace." He varied the figure or form 
and proportions of the fire-places, &c., but in all cases the prin- 
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ciple was the Bame ; the fresh or raw fuel being placed next to 
the external air, and so that the smoke or flame passed over or 
through the coked or charred part of the fuel, 

" Secondly," he goes on, "in some eases I place the fresh fuel 
on a gi'ate as usual, and beyond that grate, at or near the place 
where the flame passes into the flues or chimneya, I place another 
small grate, on which I maintain a fire of charcoal, coke, or coals 
which have been previously burnt until they have ceased to 
smoke ; which, by giving intense heat and admitting some fresh 
ail', consumes the smoke of the first fire. 

"Lastly, be it remembered," he concludes, "that my said 
new invention consists only in the method of consuming the 
smoke and increasing the heat, by causing the smoke and flame 
of the fresh fuel to pass through very hot tunnels or pipes, or 
among, through, or near fuel which is intensely hot, and which 
baa ceased to smoke, and by mixing it with fresh air when in 
these circumstances; and in the form and nature of the fire- 
places herein mentioned, described, and delineated: the boilers 
and other parts of the furnaces being such as are in common use. 
And be it aiso remembered, that tliese new invented fire-places 
are applicable to furnaces for almost every use or purpose." " 

" The Speciflciition, which nas enrolled on Uic 9th of July, 1785, is printed 
in the 'Mechanical Icventions of James Watt,' 1654, vol. iii. pp. 115 to 121; and 
the relative drawings are engraved on Plates XXX., XXKI., XXXn,, and 
XXXin. of the same work. 
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In 1783, — one of the busiest of those ten years of his life which 
may thus be said to have teemed with experiments and inven- 
tions, — Mr, Watt had tie further honourable distinction of mak- 
ing and publishing his famous discovery of the Composition of 
Water. It must be added, though we do eo with regret, that, as 
in his greatest mechanical inventions, bo in tiiis matter also, he 
experienced the unpleasant necessity of vindicating his own just 
claims from the unexpected, and, as we believe, most men will be of 
opinion, the unjustifiable interference of others. It was an occa- 
sion, however, on which the iirmness, moderation, and true great- 
ness of his mind were signally manifested ; and the clrcumstancea 
of which, as displayed in hie Correspondence on the subject, have 
contributed in every way to increase his good name. 

His principal inventions connected with the steam-engine, 
with all their prodigious results, were founded, as we have seen, 
on tlie attentive observation of great philosophical truths ; and 
the economy of fuel, increase of productive power, and saving of 
animal labour, whicii gradually ensued, all originat«d in the sa- 
gacious and careful thought with which he investigated the nature 
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and properties of heat. The department of physical science with 
which, next to mechanics, he may be said to have been at one 
time moat familiar, and which long continued in some measure to 
occupy his leisure hours, was Chemistry. With what success he 
studied it, we know from the testimony of the most ■ eminent 
among his contemporaries who directed their attention especially 
to that subject, and many of whom were his frequent correspond- 
ents. " He was equally distinguished," said the late illustrious 
President of the Royal Society, Sir Humphry Davy, "as a natu- 
ral philosopher and a chemist, and his inventions demonstrate his 
profound htotcieilge of those sciences."* The numerous experi- 
ments which he made with a view to the attainment of the great 
principles of which he was in search, are further commended by 
the same accomplished and able judge, as difflctilt, delicate, and 
refined. 

In establishing himself at Soho, he retained his habits of inti- 
mate correspondence with Dr. Black, who had then, for more than 
twenty years, made known his discovery of carbonic acid gas, and 
for at least sixteen had annually explained his theory of latent 
heat in his lectures, in which, also, for the first time, he developed 
the doctrine of the capacities of bodies for heat, (of that of specific 
heat) ; and who, after spending ten years of academical labour in 
the University of Glasgow, had, in 17C6, accepted tliat professo- 
rial chair in Edinburgh, which for thirty years longer he continued 
to render famous. 

We have much pleasure in being able, on indisputable au- 
thority, to attribute tlic public announcement of Dr. Black's theory 
of latent heat to a period considerably earlier than had formerly 
been named, even by Dr. Black's zealous admirer and pupil, Lord 
Brougham. His Lordship says that Dr. Biack meditated on that 
theory, investigated it by experiment, and taught it in his lec- 
tures, at least as early as 1763. But the following extract from 
his letter to Mr. Watt, of 15th March, 1780, furnishes mforma- 

• Speech in le2^^Tr8nala1ion of Arago's 'Eloge,' p. 191. 
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tiott more precise, and assigns witb certainty a much earlier date 
to so admirable a discovery. " I began," says the Doctor, " to 
give the doctrine of latent heat in my lectures at Glasgow, in the 
winter 1737-58, which I helieve was the first winter of my lectur- 
ing there, or, if I did not give it that winter, I certainly gave it 
in the 1758-59, and I have delivered it every year since that 
time in my winter lectures, which I continued to give at Glasgow 
natil winter 1760-07, when I began to lecture in Edinburgh." 

Before proceeding to the history of the manner in which Mr. 
Watt was more immediately led to form and state in writing his 
conclusions rffipecting' the composition of water, whicii had pre- 
viously always been looked upon as an element or simple substance, 
it is proper that wc should shortly relate the steps which had been 
taken, before tJie year 1783, towards a more accurate knowledge 
of its real nature. 

The first observation of tlie moisture which is formed when in- 
flammable air or hydrogen gas is burnt in common air, was made 
by M. Macquer, an excellent French physician and chemist, whose 
good sense and judicious experiments rendered great service to 
science, at a time when few minds had as yet shaken off any of 
the fetters of the old philosophy. In that edition of his ' JJictitm- 
nah-e de Cliimie' which was published in 1778, and of which his 
translator, Mr. Keir, says, that it liad been much esteemed, and 
had perhaps contributed more to the diffusion of chemical knowl- 
edge than any other book, (and which, as well as its author, was 
always spoken of by Dr. Black with the greatest respect,) he do- 
tails, under the article ' Inflammable Gas,' many experiments on 
its combustion, which were made in 177C-7, and in which he was 
assisted by M. Sigaud de Lafond. " I assured myself also," he 
says, "by placing a saucer of white porcelain in the flame of in- 
flammable gas burning tramiuilly at the orifice of a bottle, that 
the flame is not accompanied by any fuliginous smoke ; for that 
part of tlie saucer which the flame licke<l, remained perfectly 
white ; It was only moistened by small drops of a liquor as clear 
as water, and which, in fact, appeared to us to be only pure 



dbyGoot^le 



258 LIFE OF WATT. '■ 

water." * The plienomenoa was certainly a remarkable one, and 
ita observation appears now, as it did to Lavoisier in 1783, t to : 

liave nearly approximated to a most interesting inquiry, which 
might, indeed, have ended in the discovery afterwards so famous. 
But Macquer drew no conclusion from it, takes no further notice 
of it, and seema not even to have hazarded a speculation on its 

He also mentions the combustion of mixtures both of inflam- 
mable gas and common air, and of inflammable gas and dephlo- 
gisticated air or oxygen gas ; and describes the explosion by which 
it was in both cases attended ; that being, however, very jnuch 
moreviolent in the latter case than in the former. He seems to have 
fired the airs in glass vessels, hut although on one occasion he 
speaks of having done so in close vessels, it is evident from his 
further account of the experiment, that the vessel employed had a 
narrow aperture, to which a lighted match was applied. 

Volta, in a letter dated 10th December, 177C, which is printed 
in Dr. Priestley's third volume, J says, that he then fired infiam- 
mable air by the simple electric spark. 

The next considerable step in the progress towards the grand 
discovery, was made by an English chemist and philosophical lec- 
turer, Mr. Warltire, whose mode of conducting his experiments 
on the combustion of gases was highly creditable to his ingenu- 
ity. He fired a mixture of common and imflammable airs in a 
close metal flask or globe, by the electric spark ; and, his object 
being to ascertain " whether heat was heavy or not," he says, " I 
always accurately balanced the flask of common air, then found 
the difi'erence of weight after the inflammable air had been intro- 
duced, that I might be certain I had confined the proper proper- \ 
tion of ea<:h. The electric spark having passed through them, j 
the fiask became hot, and was cooled by exposing it to tlie com- j 
mon air of the room ; it was then hung up again to the balance." J 



• 'DiotionnairedeChjmie.'lom. H., p. 314i ed. NeucMtel, 1789. 
t Lavoisier, 'MEmoires de rAcademie' for 1T81, printed in 1784, p, 
I Priestley's 'Esperimentaon Air, Ac.,' 1781, vol. iii. p. 881. 
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Mr. Warltiie adds, that in his experiments of this sort, he always 
found a smaQ loss of weight, but not constantly the same ; the 
vessel held three wine pints, and weighed fourteen ounces, and 
the average loss which he thought he detected was only two 
grains. 

These experiments are detailed in a letter dated Birmingham, 
18th April, 1781, whicli was addressed to Dr. Priestley, and pub- 
lished hy him in the appendix to the second volume of his ' Es- 
periments and Observations relating to various branches of Natu- 
ral Philosophy ; with a continuation of the Observations on Air ; ' 
printed at Birmingham in 1781. From the same letter it ap- 
pears, that Priestley was the first to fire air in a close glass ves- 
sel, and to observe a deposit of water ; but that Warltire, on re- 
peating the same experiment, obtained the same result. " I have 
fired air in glass vessels," says Mr. Warltire, " since I saw you ven- 
ture to do it, afia have observed, as you did, that though the glass 
was clean and dry before, yet after firing the air, it became dewy, 
and was lined with a sooty substance." Dr. Priestley adds, that 
Mr. Warltire, " the moment he saw the moisture on the inside of 
the close glass vessel in hi h 1 ft na d fi 1 the inflammable 
air, said that it confirmed n[ nhhll g entertained, viz., 
that common air depos t t m t wl n phi gisticated ; " both 
inquirers being evidently p d w th th belief that the dew 
was nothing else than th n ! 1 1 po t f the moisture dis- 



On the publication f D P tl y It n 1781, Mr. Cav- 

endish proceeded in July f th t d t ubsequent times, 

to examine Mr. Warit j m t {th hject of which, it 

will bo remembered, was t d t rm n 1 th heat was pondera- 
ble,) frequently repeat g t th h n oine parts of the 
apparatus, and in the 1 f p p f n f the airs employed. 

Mr. Cavendish's jo n 1 II t n f I boratory notes, in 

which the details of all th p m nt w ntered, has been 

preserved among his pap Th hi f th e papers were ac- 

curately examined, his Grace the late Duke of Devonshire having 
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granted permission, for the purpose of ascertaining whether any 
of theni contained anything indicative of the dates of Mr. Cav- 
endish's conclusions, respecting the theory of the formation of water 
by the coiuhustion of Iiydrogen and oxygen gases; hut Mr. 
Chariea Hatchctt " could not find anything in them which re- 
ferred to any date connected with the time when Mr, Cavendish 
probably first conceived his theory;"* and another gentleman, 
Mr. Hudson, in whose hands the papers had been placed by the 
Duke of Devonshire, and who minutely investigated them with 
every wish to discover some support to the claims which had been 
put forth on behalf of Mr. Cavendish, said, " I do not find in 
these joiKnals of the experiments anything more than the simple 
statement of the facts, without any casual mention of theoretical 
opinions." This material fact has since been placed beyond the 
possibility of doubt, by the publication of the journal in question ; 
in the whole course of which Mr. Cavendish does not make a sin- 
gle inquiry into the cause of the appearance of the water, n 
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It is, further, apparent from the very title of his paper, ' JEx' 
periments on Air,' that the composition of water was not the prin- 
cipal object to which Mr. Cavendish's attention liad been directed. 
In this respect, his paper presents an obvious contrast to that of 
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Mr. Watt, wliicli bears the much more . unequivocal title of 
' Thoughts 071 ilie ConsMvnt Paris of Watir, and of Dephlogie- 
ticated Air ; ' and of which the great object is to maintain that 
doctrine of tlie composition of water which is distinctly stated in 
its outset. 

M. Lavoisier, in his celebrated Memoir, admits that a partial 
communication was made by Blagden, to him and some other 
members of the IVench Academy, i\hen, on the 24th of June, 
1783, along nitli M. La Place, he tried the experiment which 
they repoit«d to tbe Academy on the following daj. "He in- 
formed us," says Lavoisier, " that Mr. Cavendish bad already at- 
tempted to bum infiamraaUe air in close vessels, and that he 
Lad obtained a very-sensible quantity of water." He tlius con- 
fine the extent of the communication within very narrow limits ; 
for neither the experiment nor the result, as thus reported, was 
anything more than had been effected by Warltire and Priestley. 
Evidently he did not intend to admit that he knew of any conr- 
elusion, as to the real origin of the water, having been drawn bj 
Cavendish ; for in a subsequent part of the same memoir, he takes 
to his coadjutor and himself the credit o£ drawing such conclu- 
sion : — " we did not hesitate to conclude from it, that water is not 
a simple substance, and that it is composed, weight for weight, of 
inflammable air, and of vital air." He adds also, that they were 
then ignorant, and did not learn for some days, that M. Monge 
was occupied on tbe same subject 
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ARf, 1784 — APPAnENT FLIC M CO BLE TrpyCaiFHlCAI. ERKOKS— 

Mr. Watt, in whose neighliourhood Dr. Priestley says he. had 
"the happiness to be situated," and witli whom, as has heen 
mentioned, he was on terms of fiiendship and frequeat inter- 
course, had, previous to 1783, for many years entertained an 
opinion that air was a modification of water ; and that, if steam 
could be made red-hot, so that all its latent heat should be con- 
verted into sensible heat, either the steam would he concerted 
into permanent air, or some other change would take place in its 
constitution, " You may remember," he writes to Mr. Boulton,* 
" that I have often said, that if water could be heated red-hot or 
something more, it would probably be converted into some kind 
of air, because steara would in that case have lost all its latent 
heat, and that it would have been turned solely into sensible 
heat, and probably a total change of the nature of the fluid would 
ensue." And, so early as 13th December, 1782, he talks cf 
processes " by which," he says, " I now believe air is generated 
from water;" using the expression, "if this process contains no 
deception, here is an effectual account of many phenomena, and 
one element dismissed from the lisC"^ 
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Being thus, even at that time, prepared to expect that water 
was, in some way or otlier. convertible into air, he directed his 
attention to Br. Priestley's experiment, which he thu^ afcurately 
relates; "He puts dry dephlogistieafed air and dry inflammable 
iiir into a close vessel, and kindles them by electricity No air 
remains, at least if the tTio were ptirc, but he finds on the sides 
of the vessel a quantity of water equal in weight to the air 
employed." * In less than a month after he thus mentions his 
knowledge of that experiment, w e find him ivriting to Dr. Black 
that he believes he has found out the cause of the conversiun of 
water into air ; " f and giving the very fl orils in which, both on 
that day, and a few days later, he stated life conclusions in the 
_Ietter to Dr. Priestley, which he desired might be read to the 
Koyal Society; — "In the deflagration of the inflammahle and 
dephlogisticated airs, tlie airs nnite with violence, — ^become red- 
hot, — and, on cooling, totally disappear. The only fixed matter 
which remains, is ivater; and water; light, and heal, are all the 
products. Are we not then authorized to conclude, that water is 
composed of dephlogislicated and inflammable air, or phlogiston, 
deprived of part of their latent heat ; and that dephlogisticated, 
or pure air, is composed of water deprived of its phlogiston, and 
united to heat and light ; and if light bo only a modification of 
heat, or a component part of phlogiston, then pure air consists of 
water deprived of its phlogiston and of Utent heat ? " The same 
conclusions are given in other letters written nearly at the ^ame 
time} but nowlieie are they more clearly, hriefiy, or forcibly 
stated, than in that to Mr. Gdhert Hamilton of the 22nd of April, 
where, after a short enumeration of Facts, beginning with the 
result of Dr. Priestley's experiment, follow these Deductions- 

" Pure imjlaimnabla air is phlogiston Uself. 

^'■Dephlogisticated air is ivater deprived of its phlogiston, and 
united to latent heat. 

* To his brolher-in-law, Mr. Gilbert Hamilloc, 26th March, IVBS. 



dbyGoot^le 



264 LIE'E OF WATT. 

" Water is dephlogisticaled air derived of part of its latent 
heat, and wiiied to a large dose of phlogiston." 

In writing to Blr. De Luc, four days afterwards, "These," 
says Mr. Watt, " seem bold propositions, but I ttinh they follow 
from the present state of the experiments; and if I were at 
leisure to write a book on the subject, I think I could prove that 
no experiment hitherto made contradicts them, and that the 
greater number of experiments affirm them."* To others of 
his correspondents lie announced his theory in similar terms. 
To Mr. Smeaton, writing that he has "attempted to demolish 
two of the most ancient elements — air and water ; " f and to Mr, 
Fry, ^ving particular directions for the productitm of water and 
of fdephlogisticatedj air: — "Dr. Priestley, as you observe, con- 
verts water info air, and air into water, and I have found out the 
reason of all these wonders, and also what air ts made of, and 
what water is made of; for they are not simple elements. — I 
have written a paper on tlie subject, and sent it with Dr. 
Priestley's to the Eoyal Society. It is too long to give you even 
an abstract of it, but if you will forgive me the reasoning, I will 
add the receipt below for making both these elements. 

'^ To make Water.— 

" E. Of pure air and of phlogiston Q. S., or if yon wish to be 
very exact, of pure air one part, of phlogiston, in a fluid form, 
two parts, by measure. Put them into a strong glass vessel, 
which admits of being shut quite close ; mix them, fire them with 
the electric spark; they will explode, and throw out their 
elementary heat. Give that time to escape, and you will find 
the water, (equal in weight to the air,) adhering to the sides of 
the vessel. Keep it in a phial close corked for use. 

'To make Air. — 

"Take pure water Q. V., deprive it of its phlogiston by any 

• aethApnl, 178S. t STtli April, 1?S3. 
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practicable method, add elementary heat Q. S. and distil. You 
will obtain pure air, to be preserved as above." * 

It will be remembered, that in the letter to Mr. Hamilton he 
had shown his belief to lie, that pure inflammable air and phlo- 
giston were exactly synonymous; and it is very remarkable, 
that the proportions of the two gases which ho directs to be 
fired, viz., of pure air one part, and of inflammable air two parts, 
by measure, are exactly those which chemists of tlie present day 
would employ. 

It appears from the letter to Dr. Black of the 21st of April, 
that Mr. Watt had, on that day, written hia letter to Dr. 
Priestley, to be read by him to the Eoyal Society ; but on the 
2Gth he infonus Mr. De Lac, that having observed some inaccu- 
racies of style in that letter, he had removed ihem, and would 
send the Doctor a corrected copy in a day or two, which he 
accordingly did on the 28th ; tlie corrected letter, (the same that 
was afterwards embodied verbatim in the letter to Mr. De Luc, 
printed in the Philosophical Transactions,) being dated 26th 
April, and containing, almost at its very commencement, the 
following passages : — 

" The same ingenious philosopher mixed together certain 
proportions of pure dry deplilogisticated air and of pure dry 
inflammable air in a strong glass vessel, closely shut, and then 
set them on fire by means of the electric spark. The first effect 
was the appearance of red heat or inflammation in the airs, which 
was soon followed by the glass vessel becoming hot. The heat 
gradually pervaded the glass, and was dissipated in the circum- 
ambient air, aaA as the gla&s grew cool, a mist or visible 
vapour appeared in it, wLich ivas condensed on the glass in the 
form of moisture or dew. When the glass was cooled to the 
temperature of the atmosphere, if the vessel was opened, with its 
mouth irQ.mersed in water or mercury, so much of these liquids 

* 28tii April, 1733, 
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entered, as was sofEcient to fill the glass ivithin about ^^^th part 
of i(s whole contents; and. this small residuum may safely be 
eoncludeil to have been occasioned by some impurity in one or 
both kinds of air. The moisture adhering to the glass, after 
these deflagrations, being wiped off, or sucked up, by a small 
piece of sponge paper, first carefully weighed, was found to be 
exactly, or very nearly, equal in weight to the airs employed. 
In some experiments, but not in all, a small quantity of a sooty- 
like matter was found adhering to the inside of the glass. The 
whole quantity of sooty-like matter was too small to be an object 
of consideration, particularly as it did not occur in all the ex- 
periments. 

"Let us now consider what obTiously happens in the case of 
the deflagration of tho inflammable and dephlogisticated air. 
These two kinds of air unite with violence; they become red-hot, 
and npon cooling totally disappear. When the vessel is cooled a 
quantity of water is found in it equal to tlie weight of the air 
employed. The water is then the only remaining product of tho , 
process, and jvater, light, and fieat are all the products. 

"Are we not, then, aiitliorised to conclude t/iat water is amtposed 
of dephlogisticated air and plilogiston, deprived of part (if their latent 
or elementary heat; that dephlogisticated or pure air is composed of 
water d^rive^ of its phlogiston, and united to elementary lieat and 
light; and that the latter are contained in %t in a latent stale, so as 
not to be sensible to the thermometer or to the eye ; and if light he only 
a modifcalion of heat, or a cirmmistance attending it, or a component 
part of the tnfammable air, then pure or dephlogisticated air & com- 
posed of water deprived of its pidogiston and united to elementary 
heat." 

In enclosing it, Mr. Watt adds, " As to myself, the more I 
consider what I have said, I am tho more satisfied with it, as I 
find none of the facts repugnant." 

" To those," wrote Mr. James Watt, junr., in an interesting 
letter addressed to the author of this biography,* "who may 

« Dnted Aston Hull, :> Febninrt, 184i!, and printed with Mr. Wotl's 'Cori-e- 
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wish to form a just appreciation of the circumstances in which 
this correspocdence took place, and of tlie merit tbat attaches to 
my father for the discovery it records, I beg to state, in the words 
of the great master of the English tongue, that 'it was written, 
not in the soft obscurities of retirement, or under the shelter of 
ttcademick bowers ; but amidst inconvenience and distractloti, in 
sickness and in sorrow.' About the beginning of the year, when 
the correspondence commences, he had returned from planning 
and superintending the erection of his steam-engines, during a 
long sojourn in Cornwall, where he had been much harassed by 
attempts to pirate his improvements ; and he was, through the 
greater part of the subsequent period, laboriously engaged in 
mating out drawings and descriptions for the long speciflcalions 
of his three great patents for mechanical improvements and in- 
ventions, taken out in the years 1781, 1782, and 1784, besides 
giving the constant attention necessary to tlie concerns of a 
nascent manufactory, and himself writing volumes of other letters 
on business, which alone would have furnished full employment 
even to an industrious intellect. His min<l had been greatly 
affected by his unavoidable absence from the death-bed of hia 
aged father ; and during the greater part of the time, I well 
remember seeing Hm suffer under most acute sick head-aches, 
sitting by the fire-side for hours together, with his head leaning 
on his elbow, and scarcely able to give utterance to his thoughts. 
It was unquestionably the busiest, as well as the most anxious, 
period of his life, and fraught witb the most important results. 
I need not attempt to do justice to them, for time has sanctioned 
the judgment of his contemporaries, who had done it already." 

But, — to return to Mr. Watt's letter to Dr. Priestley, of 26th 
April, 1783,—" This letter," aa is stated in Mr. Watt's Wote 
published in the Philosophical Transactions, "Dr. Priestley 
received at London ; and, after showing it to several members of 
the Eoyal Society, he delivered it to Sir Joseph Banks, the 

epondence on his Discoverj of the Theory of the Composition of Walcr,' pub- 
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President, with a rec[uest that it miglit be read at some of the 
public meetings of the Society." ** 

But, as it happened, the pnMic reading which had been so 
requested by Mr. Watt did not take place at that time. "Before 
that eould be complied with," the note continues, " the author, 
having heard of Dr. Priestley's new experiments, begged tliat 
the reading might he delayed." 

The new experiments allucled to in the note, Priestley had 
announced in these terms : — " Behold with surprise and indigna- 
tion the figure of an apparatus that has ntterly ruined your 
beautiful hypothesis," f giving a rougU sketch with his pen of the 
apparatus eiBployed. But Mr. Watt immediately and unhesi- 
tatingly replied, "I deny that your experiment ruins my hy- 
pothesis. It is not founded on so brittle a basis as an earthen 
retort, nor on its converting water into air. I founded it on the 
other facts, and was obliged to stretch it a good deal before it 
would fit this experiment. » » » j maintain my hypothesis 
until it shall be shown that the water formed after the explosion 
of the pure and inflammable airs, has some other origin." | So 
to Mr. De Luc : — " I do not see Dr. Priestley's experiment in the 
same light that he does. It does not disprove my theory. * • 
My assertion was simply, that air" [i. e., dephlogisticated air, or 
oxygen, which was also commonly called vital air, pure air, or 
simply aiV,] " was water deprived of its phlogiston, and united to 
heat, which I grounded on the decomposition of air by inflamma- 
tion with inflammable air, the residuum, or product of which, is 
only water and heat." § Even when writing to Dr. Black that 
he had withdrawn his paper, he adds, " I have not given up my 
theory." J 

But he did withdraw, or rather reserve the public reading of 

* ' Philosophical TraiiBiiotions,' 1184, p. 330.— Note, 
t Dr. Pricslley to Mr. Watt, 29th April, 1183. 
J Mr. Watt to Dr. Priestley, 2nd May, 1783. 
% To Mr. De Luc. letli May, 1783. 
I To Dr. Black, 2Krd June, IISS. 
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his paper, till he should further examine the new experiments 
which were said to he hostile to the doctrine which it unfolded ; 
and also, as lie adds with his usual modesty, because he was 
"informed that that theory was considered t<io hold, and not 
Bufficienfly supported hy facts."* "Mr. "Watt then wished," as 
it is more fully expressed in a work published shortly afterwards, 
"that the letter should not he read at the public meeting of the 
Society, because he learned that his theory was thought too bold, 
or that a substance such as water, till then considered &b of the 
nature of an element, was there placed in the class of compounds." f 
But the letter itself, after being read by many members, remained 
in the custody of the President till the day when it was read to 
the Society, 22nd April, 1784, as is well ascertained from Mr. 
Watt's letter to Blagden of 27th May, 1784. 

But in the meantime, having by additional experiments still 
further satisfied himself of the correctness of his theory, in which 
he had never been able to detect error, and the truth of which 
he BOW held to be abundantly confirmed, he proceeded, towards 
the end of November, ti'anquilly to occupy himself in preparing 
a more full statement of it, to be sent to his friend De Luc, for 
the purpose of being read to tlie Royal Society. By the 1st of 
December, however, we find that he had received accounts of an 
occurrence which appeared to stand much in need. of explanation; 
and which, after that had been obtained, proved httle to the 
credit of some of those concerned, "I was," he says, in writing 
to Mr. De Luc, J " at Dr. Priestley's last night. He thinks, as I 
do, that Mr. Lavoisier, having heard some imperfect account of 
the paper I wrote in the Spring, has run away with the idea, and 
made up a memoir hastily, without any satisfactory proofs. How 
that may be, I cannot take on me to say; but if you will read 
the i7ih and 48th pages of Mr. De la Place's and his Memoir on 
Heat, you will be convinced that they had no such ideas tlien, as 

* Mr. Watt to Sir Joseph Banks, 12tb April, 1784. 
t De Liic, ' MttSorologie,' torn, ii., p. 216. 1788. 
i EOtli November, 1783. 
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they epeak clearly of the nifrous aiid being converted into air 
I theiefure put the query to you of the propriety of sending my 
letter to pass through their hands to he printed , for even if this 
theory is Mr Lavoisier s own, I am vara enough to thmk that he 
mav get some hints from mj letter, ivhich may enalle him to 
make txperiments, and to improve his theorv, and produee a 
memoir to the Academy before m\ letter can ht. printed, which 
may be no much superior as to echpsc my poor performance, -uii 
sink it into utter oblivion, nav, worse I may ht condemned as i 
plagiarj, for I certainly cannot be heard m opposition ti an 
Academitian and a Finmiier * * But, after all, I may he 
doing Mr Lavoisier injustice • * J g^g ii,^ on, the one hand, 
BO difhcult to satisfy tho'^e nioe chemist-,, and on the other hand 
so difficult to be allowed even the honour ot the discovery, that I 
am nearly discouraged, either from publishing at aU, or trying 
any more experiments j as it seems to be losing my labour and 
procuring myself disquiet." " M. Lavoisier," he also writes, "has 
read a memoir opening a theory very similar to mine on the 
compositiou of water ; indeed, so similar, that I cannot help sus- 
pecting he has heard of the theory I ventured to form on that 
subject, as I know that some notice of it was sent to France." * 

To this conjecture, Mr. Kirwan was able, in Lis reply, to 
add the most positive assurance. "M. Lavoisier," he writes, 
"certainly learned your theory from Dr. Blagden, who first had 
it from Mr. Cavendish, and afterwards from your letter to Dr. 
Priestley, which he heard read, and explained the whole minutely 
to M. Lavoisier last July." [Jime.] t 

The letter was, of course, well known to Dr. Priestley, who 
received it, perused it, and at once occupied himself in answering 
it, and to Sir Joseph Eaoks, in whose hands it long remained. 
But that it was also read hy many other members of the Eoyal 
Society, though not then at a public meeting of the body, there 
cannot be any manner of doubt. For we have not only the 
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direct statement of Mr. Watt to that effect, published in the 
Philosophical Transactions in ITS-l, under the direct superin- 
tendence of Dr. Blagden, and repeated by Mr. De Luc in 1786, • 
but we have Elagden admitting his own knowledge of the l>aper, 
both in the statement which he says he made to Lavoisier in 
June, and in his letter which Crell printed in 1786. 

Mr, De Luc having gone to Paris in December, 1783, and 
there passed the montli of January, 1784, returned to England 
in February, wiicn his letters to Mr. Watt were resumed. In 
the meantime, on the 15th January, Mr. Cavendish had read to 
the Royal Society tlie first part of his celebrated ' Experiments on 
Air,' of wiiich the second part was not read till the 2nd of June, 
1785. In one ot Mr. De Luc's letters, dated 1st March, 1784, 
he mentions th^t he had heard some particidars of tlie paper 
which Mr Caiendish had read, but nothing concerning the con- 
clvsiona stated m it as to the composition of water appears to liavs 
been then reported to him. The imperfect account which he tliua 
received came from Dr. BJagden. As the paper, however, was 
said to have included a tliorongh examination of the combustion 
of the two airs, he requested Mr. Cavendish's permission to see it, 
whicli was granted. 

The consternation into which he was thrown on perusing it 
for the &st time is well depicted in the close of the same 
letter: — "Being at this point of my letter, I have received Mr. 
Cavendish's paper, and have read it 1 ! . . . . Expect 
something that will astonisli you as soon as I can write to 
you. . . . Meanwhile, tell no one. . , , /» short, lie 
eiEpounds andpi-oves your si/stem, word for ward, and mih^ no men- 
tion whatever of you" 

Mr. De Luc, in his letter of the 1st March, had promised an 
analysis of Cavendish's paper, and oa the same day began a long 
transcript of its principal parts, wHcIr he finished on the 4th 
March, and sent to Mr. Watt in a letter, which showed that, on 

* ' M^tcorologie,' vol. ii., p. 21S. 
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a further examination, his amazement had not subsided. Having 
endeavoured, in some degree, to defend Lavoisier and La Place 
from the charge of le Plagiat, he says : — " But that which is, on 
the other hand, perfectly clear, precise, astonishing, is the memoir 
of Mr. Cavendish. Tour own terms, in your letter of April to 
Dr. Priesthi/, given as something neiv, h) some one who must liace 
known tliat letter, which was known to all the active members of the 
Soyal Societjf — to Dr. Blagden above all, (for he said he had spoken 
of it to Messrs. Lavoisier and La Place,) who well knew Mr. 
Cavendish's memoir, both before it was read to the Royal Society, 
and at its reading, and who conversed with me about it, as I told 
yon in my last — me, whom he knows to be yonr zealous friend." 

In the very delicate and disagreeable circumstances which 
bad thus occmied, Mr. Dl Iuc sugge^d two modes of proceed 
ing the one, to suffer in silence the injustice which he i,juld not 
hut ieel had been done, in wluLh case he engaged to print the 
letters to Dr Priestley and h mselt mth their dates in a work 
he lias tht,n preparing; tlie other, to mike the matter more 
public, by requesting Sir Joseph Binks to causL both tlic letters 
to be read to the Eoyal Society. In recommending the iormer, 
the too discreet philosopher used these words : — " I should almost 
advise it, considering tliat, in your position of drawing from your 
discoveries practical consequences for your fortune, you must 
avoid making yomneli des Jalofo:." 

He had yet to learn the full extent of the manly virtue of his 
ii-iend ; who, while he declined to make any attack upon Mr. 
Cavendish, admitting, perhaps with a somewhat extravagant 
liberality, that it was "barely possible" that he might not have 
heard of his theory, still spoke in a strain of honest indignation 
of the plagiarism which he felt there was too much room to 
believe had been effected, of the wound which his scientific fame 
had been made to suffer, and of the hardship of being thus 
anticipated in the first attempt he had made to lay anything 
before the pubUc. "As to what you say," he wrote, "about 
making myself des jaloux, that idea would weigh Uttle ; for, were 
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I convinced I had had foul play, if I did not a^ert my right, it 
would either be from a contempt for the modicum of reputation 
which -would result from such a theory, from a conviction in my 
own mind that I was their superior, or from an indolence that 
makes it more easy for me to hear wrongs, tlian to seek redress. 
In point of interest, so far as connected with money, tliat would 
be no bar : for though I am dependent on the favour of the 
public, I am not on Mr. C. or his friends, and could despise the 
united power of the illustrious kovse of Ccarendisli, as Mr. Fox calls 
them. You may, perhaps, be surprised to find so much pride in 
my character. It does not seem very compatible with the diffi- 
dence that attends my conduct in general. I am diffident, be- 
cause I am seldom certain that I am in the right, and because I 
pay respect to the opiidons of others, where I think they may 
merit it. At present, je mc sens vnpeii hlessi ; it seems hard, that in 
the first attempt I have made to lay anything before the public, I 
should be thus anticipated. It will make me cautious bow I take 
the trouble of preparing any thing for them another time." * 

What followed may he very briefly told: "He states his in- 
tention of being in London in the ensuing week, and his opinion, 
that the reading of his letter to the Eoyal Society will be the 
proper step to he taken. He accordingly went there, waited 
upon the President of the Eoyal Society, Sir Joseph Banks, was 
received with al! the courtesy and just feeling which distinguished 
that most honourable man, and it was settled, that both the 
letter to Dr. Priestley of 26th April, 1783, and that to Mr. De 
Luc of 2Gth ITovember, 1783, should be successively read. The 
former was done on the 22nd, and the latter on the 29th April, 
1784: "t and it is said by Sir Joseph Banks, that "both 
appeared to meet with great approbation from large meetings of 
Fellows." I 

* Mr. Watt to Mr. De Lho, 6th March, 1784. 

t Note by Mr. Jamea Watl, junr., added to Lord Brougham's Historical 
Nolo. — See Translation of Arago's ' Elog«,' p. 1B4. 
X Sir Joseph Banks to Mr. Watt, lltb Maj, list. 
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Both of tie letters were ordered by tbe Committee of Papers 
to lie printed, and it was arranged that the hest form in wHcli 
that could he done, in order to avoid repetition, was by incorpo- 
rating the first with the second, which was accordingly the plan 
adopted; "but," as the note in the Philosophical Transactions 
bears, " to authenticate the date of the authoi's ideas, the parta 
of it which are contained in the present letter are marked with 
double commas." 

Blagden became Secretary of the Boyal Society on the 5th 
of May, 1784 ; and to him, in virtue of his office, was entrusted 
the superintendence of the printing of Mr. Watt's paper. In his 
letters on that subject, he appeared perfectly willing to attend 
with care to the puhlication ; and in one of them offered, should 
Mr. Watt desire it, to send him the proof-sheets for correction. 
Mr. Watt, residing at a distance from town, declined his offer ; a 
resolution which he had afterwards reason to regret ; for the con- 
sequence has been, that in his paper, as it stands in the Philo- 
sophical Tran sac tions, there is a very unicata.nB.teei'ror of the press. 
The date of the letter to Mr. De Luc, which we have just seen, 
was 26th November, 1783, is there given as 26tli November, 1784. 
It is true that the date of the reading of the paper is rightly given ; 
it has also been lately discovered that the misprint is noticed in 
the errata at the end of the volume of the Philosophical Transac- 
tions in which it appears ; and therefore that error might not al- 
ways mislead ; but, considering all that had previously occurred, 
it was of great importance that every date establishing Mr. Watt's 
priority shall be accurately printed, and what we shall in this in- 
stance call carelessness, even if freed from blame, must on every 
account remain matter of regret. 

But this is not all. Of Mr. Cavendish's paper there were a 
number of separate copies thrown off, which were widely circu- 
lated throughout Europe by himself and bis friends, before the 
seventy-fourth volume of the Philosophical Transactions, in which 
it was to be contained, made ifs appearance. These also, it is 
presumed, had been printed under the superintendence of Dr. 
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Blagden, and of Mr. Cayendish. They all bear on their title- 
page, that Mr. CavendiBii's paper was " read at the Koyal Society, 
January 15, 1783." Moreover, the true date, 1784 winch 18 
placed at the head of that paper as it stands in thi. Philosophical 
Transactions, is not given at all in those separate copes 

But we have not yet done with either the history of the die 
covery, or the share which Dr. Blagden took in it as an auxiliary 
and historian. Finding that Lavoisier still maintained some 
claJKi, and seeing from the note appended to Mi. Watt's paper, 
and from the total want of any statement aa to the chronology of 
Cavendish's conclusions, that Mr. Watt stood distinctly recorded 
as the first discoverer, notwithstanding the inexplicahle awkward- 
ness of the typographical errors, Blagden thought proper to write 
the letter to Dr. Lorenz Crell, printed two years later in his Jour- 
nal, of which the following is a translation : * — 

" I can certainly give you the hest account of the little dis- 
pute about the first discoverer of the artificial generation of water, 
as I was the principal instrument througli which the first news 
of the discovery that had been already made was communicated 
to Mr. Lavoisier. The following is a short statement of the his- 
tory : — 

" In the Spring (' Friihjahr ') of 1783, Mr, Cavendish commu- 
nicated to me and other members of the Koyal Society, his par- 
ticular friends, the result of some experiments with which he liad 
for a long time been occupied. He showed us, that, out of them, 
he must draw the conclusion, that dephlogisticated air was noth- 
ing else than water deprived of its phlogiston ; and, vice versA, that - 
water was dephlogisticated air united with phlogiston. About the 
same time ('um dieselbe Zeit') the news was brought to London, 
that Mr, Watt of Birmingham had been induced by some obser- 
vations, to form ( ' fassen ') a similar opmion. Soon after this (' bald 
darauf ') I went to Paris, and in the company of Mr. Lavoisier, 
and of some other members of the Koyal Academy of Sciences, I 
IS puTilished in CreU'il 
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gave some account of these new experiments, and of the opiniona 
founded npon them. They replied that they had already heard 
something of these experiments ; and, particularly, that Dr. 
Priestley had repeated them. They did not douht tliat in such 
manner a considerable quantity of water migtt be obtained; but 
they felt conyineed that it did not come near to the weight of the 
two species of air employed ; on which accomit it was not to be 
regarded as water formed or produced out of the two kinds of air, 
but was already contained in, and united with the airs, and de- 
posited in their combustion. This opinion was held by Mr. La- 
voisier, as well as by the rest of the gentlemen who conferred on 
the subject ; but, as the experiment itself appeared to them very 
remarkable in all points of view, they unanimously requested Mr. 
Lavoisier, who possessed all the necessary preparations, ('Vor- 
richtungen,') to repeat the experiment on a somewhat larger 
scale, as early as possible. This desire he complied with on the 
24th June, 1783, (as he relates in tlie latest volume of the Paris 
Memoirs.) From Mr. Lavoisier's own account of the experiment, 
it sufficiently appears, tliat at that period he had not yet formed 
the opinion, that water was composed of dephlogisticatcd and in- 
flammable airs ; for he expected that a sort of acid would be pro- 
duced by their union. In general Mr. Lavoisier cannot be con- 
victed of having advanced any thing contrary to tmth; but it can 
still less be denied that he concealed a part of tlie truth. For he 
should have acknowledged that I had, some days before, apprized 
him of Mr. Cavendisli's experinients ; instead of which, the ex- 
pression 'il ECUS apprit,' gives rise to the idea that I had not in- 
formed him earlier than that very day. In like manner Mr. La- 
voisier has passed over a very remarkable circumstance, namely, 
that the experiment was made in consequence of what I had in- 
formed him of. He should likewise ha,ve stated in his publication, . 
not only that Mr. Cavendish had obtained 'une quantite d'eau 
tris sensible,' but that the water was equal tJ> the weight of the 
two airs added together. Moreover, he should have added, that! 
had mad^ him acquainted with Messrs. Cavendish and Watt's 
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conclusions ; namely, that water, and not an acid ov any other 
snhstance, ('"Wesen,') arose from the combustion of the inflamma- 
hle and dephlogisticated airs. But those conclusioiis opened the 
way to Ml. Lavoisier's present theory, which perfectly agrees with 
that of Mr. Cavendish, only that Mr. Lavoisier accommodates it 
to his old theory, which banishes phlogiston. Mr. Monge's ex- 
periments, (of nkich Mr. Lavoisier speaks as if made about the 
same time,) were really not made until pretty long, I believe at 
least two months, later than Mr. Lavoisier's own, and were under- 
taken on receiving information of them. The course of all this 
history will clearly convince you, that Mr- Lavoisier, (instead of 
being led to the discovery, by following up the experiments which 
he and Mr. Bucquet had commenced in 1777,) was induced to in- 
stitute again such experiments, solely by the account he received 
from me, and of our English experiments ; and that be really dis- 
covered nothing but what had before been pointed out to him to 
have been previously made out, and demonstrated in England." 

Now, before examining the history which this letter gives of 
the discovery, it is to be observed that it professes to have been 
written in order to give We best account of tie dispute about the 
first discoverer. And from the relations in which Blagden stood 
to Cavendish, and the obligations he owed him, he cannot be sus- 
pected of under-stating any claims which lie might have been 
able to establish for that gentleman to the possession of so great 
an honour. 

Bearing this in mind, and taking the statement as we find it, 
an extraordinary fact which ments us at the outset is, that it does 
not contain any distinct allegation of Cavendish having been the 
first discoverer; although it does positively assert that he was prior 
to Lavoisier, and appears to aim at having it understood that he 
was prior also to Mr. Watt. Even the time at which Cavendish 
is reported to have commnnicated to his friends of the Royal So- 
ciety his experiments and their results, and "stowed that out of 
them he must draw the conclusion," is only noted in the most 
■, as " in the Spring of 1783." But we know that 
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Mr. Watt's conclusions, on tlie other hand, were actually formed, 
reduced to writing (wHcli Cavendish's confessedly were not,) and 
kno yn to many membe & of the Eoyal Society, also " in the 
Spnng of 1"'*3 dn 1 Bla" len though he was well aware of aU 
these crcumstan s anl jrofesse^ to g ve " the best account," 
and was naturally desirous of gaining tl e credit of the priority 
for h s patron diies not even state tl at famndisfCs itrbal commu- 
ticat prcceied h » kno lelaO of 1/ Wales wnihn conclur- 
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;s employing the m m 

Mr. Cavendish, which ft 

priority in the discov if 
advocates of Cavend 

with the view of imp gn 0^, A ui T 

said, first, that Prieatl m m 

never found the weigh is 

ec[ual to that of the g 

cence had been used, m substituting tlie term hydrogen for pMa- 
giston, a? used by Mr Watt ; and thirdly, that the conclusiona of 
Cavendish, whii,!i were first stated to the Eoyal Society in bis 
paper read on the 15th of January, 178i, must be supposed to 
have been included, or involved, in his experiments made in 1781. 
The first of these assertions might well be termed by M. Arago 
" inconceivable," when it is remembered that in Priestley's own 
paper he says, — "In order to judge more accurately of the quan- 
tity of water so deposited, and to compare it with the weight of 
sarefully weighed a piece of filtering paper, 
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and then haring wiped with it all the inside of the glass vessel 
in which, the air had heen decomposed, weighed it again ; and / 
ahvai/s found, as near as I could judge, the weight of the decom- 
posed air in the moisture acquired hy the paper." * In the very 
first pages of Mr. Watt's paper "on the Constituent Parts of 
"Water," in describing Dr. Priestley's experiment, it is said, — 
" The moisture adhering to the glass after these deflagrations, be- 
ing wiped off, or sucked up by a small piece of sponge paper, first 
carefully weighed, was found to be exactly, or very nearly, equal ia 
weight to the airs einployed." And, — " These two kinds of air 
unite with violence, they become red-hot, and, upon cooling, to- 
tally disappear. Wlien the vessel is cooled, a quantity of water 
is found in it equal to the weight of tJie air employed." t So in Mr. 
Watt's Correspondence, " he finds on the side of the vessel a quan- 
tity of water equal in weight to the air employed.'" J And again, 
" No residuum, except a small quantity of u^aler equal to their 
weight." § So also, " you will find l/ie water, equal in weight to the 
air,) adhering to the sides of the vessel." |1 The circumstance of 
the equality of weight was indeed one of the facts on which Mr. 
Watt repeatedly states that he founded his deductions ; and, as 
will presently he seen, it is of great importance in moi* points of 
view than one. 

The substitution of the terra hj/drogeii for phlogiston. Lad beeu 
60 amply expliuned by M, Arago, in the note on that subject 
which accompanied Lord Brougham's Historical Note,1[ that it 
might have heen supposed no fair objection could have heen raised 
to it by any one ; even by the most injudicious and iU-informod 
partisan of" Mr, Cavendish. M. Arago was also at the pains to 
produce a letter from Dr. Priestley to M. Lavoisier, dated 10th 
July, 1782, in which he says he has made "some espeiments 

• ' Pbil. Trana.,' 1783, p. 4S7. 

+ 'Phil. Traoa.,' 1781, pp. 3S2, 33S. 

X Mr. Watt to Mr. Gilbert Hamilton, fifi March, 1733, 

I The same to the same, 22 April, 1783. 

1 Mr. Wuttto Mr. Piy, 28 April, 1783. 

t 'EiogBof Wfttt.'p. 167. 
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with inflammable air, that seem to prove thnt it is the same thing 
that has been called phlogiston''' Dr. Piiestley, in relating, in hja 
paper of 1785, the theory which Mr. Watt had formed, says that 
he "coccluded, &c., that water consists of dephlogisticated and 
inJUwmabk air." But faither, in Mr. Watt's own note, (given 
botli in the ' Philosophical Transactions ' and in Lord Brongham's 
Historical Note,) viz. : " Previous to Dr. Priestley's making these 
experiments, Mr. Kirwan had proved, by very ingenious deduc- 
tions fiflm other facts, that infiammabh air jcos, hi idl ■priAability, 
ihe real phlogiston in an aiirial form. These arguments were per- 
fectbj convincing to me." * 

80 in Mr. Watt's paper wo find these expressions: — "It was 
reasonable to conclude, that inJlanmiaUe air must he the pure phlo- 
giston, or the matter which reduced the calces to metals;" "the 

inflammable air being supposed to he tchoU>i phlogiston;" "tn- 

fl,asnmabkmr or phlogiston;" "it is worthyof inquiry whether 

the greater part of the heat let base was not contained in the 
phlogiston or inflaimnable air," t <tc, &c. So, also, in writing to 
Dr. Black on the 21st of April, 1783, — he says, "therefore in- 
Jlammable air is tlie thing called phlogiston" So to Mr. Hamilton, 
on the 22nd of April, the first of the three deductions lie states 
is, "pure inflammable air is phlogiston itself." 

It is evident that the terra hydrogen, derived from the Greek 
word for water, and designating one of its constituents, could not 
have been invented till after the composition of that fluid had been 
ascertained. Lavoisier himself, the inventor of the term, did not 
use it till a later period ; and he expressly says, in the beginning 
of his paper, " The inflammable air which I understand when I 
mention it in this Memoir, is that which is obtained, either from 
a of water by iron alone, or from iron and zinc 
1 vitriolic and marine acids ; and, as it appears proved 
that in all cases that air comes originally from water, I shall call 
it, when it presents itself in the aeriform state, aqueous inflamma- 

* ' Phil. Trana,,' 1784, p. 331. + Ibid., pp. 349, SEO, 353. 
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1 any combination, a 



hie air; and when it i 
flammohle principle." 

But in what respect was Cavendish superior to Mr. Watt on 
this point? Even in 1784 he naedjieither the term hydrogen at 
all, nor uniformly the tenn jnflammahle air ; for his conclusion is 
in that year thus stated: — "There seems the utmost reason to 
think that dephlogisticated air is only water deprived of its phlo- 
giston, and that inflammable air is either phlogisticated water or 
else pure phlogiston ; but in all probability tlwfcmiwr" — a conclu- 
sion infinitely more dim and distant from the truth than those 
which we have Just cited from Mr. Watt's paper and letters. 

Lastly, it lias been asserted, that Cavendish's mere experi- 
ments, apart from the formation of any theory, "involved the no- 
tion, and established the fact," of tho composition of water. So 
in some sense did Priestley's ; — so did Warltire's ; nay, on the 
same principles, it might be hard to witlihold tiie merit of priority 
fi'om Macquer and Sigaud de Lafond, who, by the combustion of 
gases, produced wa ter which appeared to them to be pure. It may 
be true that Macquer's data, so far as he has recorded them, were 
scarcely sufficient to have led hira readily to form a just opinion 
on the subject. Bnt Priestley and Warltire, ia their experiments 
of 1781, came very much nearer the last experimental step after- 
wards arrived at by Cavendish: the loss of weight which Warl- 
tire detected after the combustion was almost imperceptible, and 
was at once to be accounted for by the least imperfection in his 
apparatus. Yet they both confidently attributed the formation of 
the dew to the mere deposition of suspended moisture. 

So late as 1784, Meusnier and Lavoisier, ia the commencement 
of their Memoir on the Decomposition of Water,* remark, that 
" there have nevertheless been doubts raised on that entire re- 
duction of two aeriform fluids into water ; and, notwithstanding 
the precautions taken by M. Lavoisier, to ensure, as much as pos- 
sible, precision in so delicate an experiment ; notwithstanding the 
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conformity of the result obtamed nearly at the same time ly M. 
Monge, in the laboratory of the school o£ Bl^zifires, with a very 
exact apparatus and the moat scrupulous attention, some persons 
have believed, that the water which proceeds from that operation 
may be attributed to humidity held in solution by the airs, and 
deprived of support at tlie moment of their combustion." 

In the same year, Mr. Kirwan appearis to have thought that 
he ventured far in admitting himself to be "nearly convinced," 
that, when the two gases are fired, " water is really produced." * 
The example of caution, which had been set by so many sage ex- 
perimentalists, was further illustrated in the case of Dr. Blaek, 
who, in his correspondence with Mr, Watt, only remarks of the 
steps immediately preceding liis discovery, that they appeared to 
him "very surprising;" and, in 1790. thus wrote to Lavoisier: 
" I long experienced a great aversion to the new system, which 
represented as erroneous that which I had regarded as a sound 
doctrine ; nevertheless, that aversion, which was caused by the 
power of habit alone, has gradually diminished, yielding to the 
clearness of your demonstrations, and the solidity of your plan." t 

!Nay, the most conspicuous instance o£ the same truth, (at 
least in France, for it would be hard to point out a more signal 
one than Priestley,) is to be found in the case of M- Monge 
himself. He was perfectly aware of the I'esult of the combustion 
of the two gases ; having performed the experiment on a greater 
scale, and obtained its product in a larger quantity, than was done 

* ' Phil. Trans.' for 1781, p. 167. 

t ■ Anaales de Chimie,' tui. p. ^7. It is said by Mr. Yeats, in bis ' ObEer- 
yationa on tbe Cliiuns of tbc Modems to some Discoveries in Cbemistry and 
Physiolc^y '(1TB3, p. 247), that ivh™ LaToiaier was informed, by this lEttcrfcom 
Dr. BIbc^ of his conrersioa to the anti-phlogialic doctrine, ao great was his joy 
in having acquired such able support, that he published it 'm all the newspapers 
in Paris. It is an affecting incident, which we record on the some authority, 
that wbeQ Dr. Black, ia on Introdnctoty Lecture on Chemistry, came to the sub- 
ject of ihe discoveries of Lavoisier, soon after that illustrious enquirer had be- 
come a victim to the fury of democratic tyranny,— tbe lecturer stopped, unable 
toprocced : — the generous feelings of a humane heart, recmriDg to the cruel 
circumatanceB of his death, prevented u' 
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by any otter at so early a date ; and yet he appears, at a period 
as late as 1786, when his paper ivas printed, to have entertained 
very uncertain notions as lo the nature of the change whii'h was 
operated, and very great doubts as to tiie theory, which would 
now be so idly represented to have been obvious to any one, who 
perfoimed the experiments on which it msght liave been founded. 
It is very interesting to find Monge in 1789 thus wiiting to Mr. 
Watt ; — " The decomposition of water by the electric spark, of 
which you have no doubt heard by the 'Journal de Physique,' 
here stops the mouth of the few unbelievers whom we still had; 
and it is no longer doubtful, that that liqtdd is composed of o'^y- 
gcn and hydrogen ; " * and tlien immediately expressing the pra- 
found veneration he entertained for the talents and virtues of his 
friend, whom he evidently luoked upon as the true author of the 
theory which had at last been so completely established to the 
general satisfaction. 

In 1789, also, sis yeea's after the dibcovety had been made, 
Berthollet found occasion to write no fewer than fifty pages, 
{printed m the 'Aanalcs lU Cktmie' for that year,) in confutation 
of some of the arguments then maintained against it. 

Fourcroy speaks of "that brilliant discovery, which had so 
many prejudices, so many obstacles, so many ancient errors, to 
overcome." t And, although he admits that within a few years 
it became the creed of a great part of the members of the Acad- 
emy, he adds that they were obliged continually to defend it 
against the most desperate attacks. He himself soon followed 
the example of Eerlhollet. and of his friend Guyton-Morveau, 
whose conversion took place ai the close of the year 178G."$ 

It is thus impossible to say, that the experiments necessarily 
imply the conclusions ; or to consider the right explanation of 
that most remarkable phenomenon as having been included in the 
mere observation of the preliminary fact. 

* 'Meclianical laventionsof Watl,' vol. ii, p. 23?. 

t ' Sj-steme des Connoisaancea Chimiques,' tome i. p. 3T. 

X Ibid, p. 40. 
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After all that has now been said, it can hardly he tliougJit 
necessary that we should gravely answer the ridiculous assertion, 
that Mr. Watt did not in his lifetime pat forward a distinct claim 
to the honour which was justly his due. 

Mr. Watt's note in the 'Philosophical Transactions,' which 
most effectually declares his priority, was never contradicted nor 
called in question by Cavendish or any of his friends ; to all of 
whom, — and especially, as we have seen, to Dr. Blagden, — it was 
well known, heing printed in the same volume with both of the 
papers.* Having, by that note, done all that became so high- 
minded a man and 80 true a philosopher, he could well afford to 
despise any portion of fame tliat might have been gained by more 
elaborate or less worthy means. " When the theory of the com- 
position of water was spoken of in the presence of my father," 
said Mr. James Watt, junior, "he calmly but uniformly sustained 
his claim to its discovery ; and once, on my hinting that it was 
passed over by some writers, and not correctly given by others, he 
observed, that having done all tliat he and his friends considered 
requisite to place it upon record, by the note afiised to his paper 
of 26th November, 1783, in the ' Philosophical Ti-ansactions,' the 
accuracy of which had never been questioned, he should leave 
posterity to decide." ^ 

After the death of Mr. Watt, his correspondence and the rel- 
ative papers on this subject were submitted by his son to various 
learned persons, most competent to form a just opinion of their 
importance, and of the facts which they establish ; to Sir Humphry 
Davy, Mr. Corrie, Sir David Brewster, and, among the rest, to 
Dr. William Henry of Slanchester, who has been termed by Lord 

* It deserves to be mentioned, that in the Abridgment of the Papera in the 
'Philosophies! Transactions,' prepared hj ilutton, Shaw, and Pearson, Mr. 
Walt's important note is, very improperly, omitted. This may account for Cav- 
endish having received the credit of the priority, with some of tiose who on sub- 
jects of scicntiiic interest do not consult original authorities. 

t Letter to the anthor, 5 Febniaiy, 184« printed with the ' ConeEpondeuoe 
on the Discovery of the Composition of Water.' 
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Jeffrey, "probably the very highest authority that could have 
been referred to on such a subject." 

We have seen Dr. Ilenrj'a original letter of 8th June, 1820 ; 
■ in which, under his own hand, his opinion at that time is thus 
stated : — 

" There is no room, for doubt as to your fatliei's priority. 
" It is established heyowl all dispute, h/ a comparison of dates, 
that your /other was the first to interpret rightly the important ex- 
periments showing the synthesis of water. 

"I should say tJtat yonr father teas the first who had the sagadty 
to draw the right conclusion from tJte eaperiment of Dr. Pi^tky, 
and to take that view of the conslSution of toater, which, to this tone, 
continues to he received hy philosophers as the true one." 

Sir Humphry Davy's opinion on the matter h'»vin^ been re- 
ferred to, may, with proprietv, here be noticed In his ' Elements 
of Chemical Philosophy '* he fli^htly alludes {as man\ others 
have done in the I'^rae loose way of speakmsf) ti Mr Cavendish's 
two discoveries ot the corapcsitaon ot water ind of nitnc acid 
But in one of his lectures, supposed to have been written about 
1806, the njore particular account he gives is, thit m 17S1, " Mr. 
Cavendish, in a process convened with his usual sagacity, and 
executed with his usual precision, showed tliat when common air 
and hydrogen were exploded together, m the proportion of two 
and a half to one the product ^^1S pure water which exactly cor- 
responded in weight to the gas consumed. And Mr Watt, rea- 
soning on this eipenment, formed the conclusion that water con- 
sisted of pure and milimmable -kir depnied of the greatest por- 
tion of their latent heat ' Now, the exjwrimi,nts on w^ich Mr. 
Watt reasoned were as has been been not Caiendishs, hut 
Pncstley's But the great and important distinction is clearly 
drawn, between Mr Cavendish •! mere observation of a fict, and 
the explanation ot if by the theory which Mr. Vi att formed. 
In the Memoir of Mr. Watt which was puhlished in 1824, in 
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the sixth edition of tlie 'Encyclopsedia Britannica,' his just claims 
to the priority of the theory of the composition of water, are 
concisely but comprehensively detailed. They were made more 
■widely known by the eloquent ' Eloge of Watt ' read by the late 
lamented M. Arago before the Institute of France, on the 8th of 
December, 1834, and published in the ' Memoires de I'Aeademie 
des Sciences,' as well as in the ' Anauaire du Bm'eau des Longi- 
tudes' for 1839, accompanied by the able and interesting His- 
torical Note by Lord Brougham, * and by some other notes added 
by the late Mr. James Watt, junior, In January, 1840, on the 
oci,abion of M Arago presenting to the Academy of Sciences a 
TransHtinn into English of the 'Eloge,' the statement which it 
contained of Mr Watt s claims received the emphatic corrobora- 
tion of M J Dumas who stated, tliat after having attentively 
examined tho reis nin^ of his fellow-member, after having also 
Bcrui ulously studied the correspondence preserved at Aston Hall,t 
he idopted 'completelj and in all its parts," the history which 
AI Arago had wntten of the discovery of the composition of 
water and that ! is opinions upon that point were so decided, 
that he desired his declaration to be inserted in the Compte- 
Eendu of the meeting. " And a more authoritative deliverance," 
Bays Lord Jeffrey, " we suppose will not easily be found in any 
such register J 

The leirned ind philosophical chemist of Sweden, Berzelius, 
in 1841 on i deliberate review of the works then published on 
this subject has without hesita.tion, assigned to Mr. Watt that 
merit and priority of date, which so many other learned jaen 
have with justice ittnbuted to him : saying that it is clear that 
he arrived at his conclusions eight montlis earlier than Caven- 
dish, who could scarcely have been ignorant of them when he 
wrote his paper. 

• See Append! s. 

t The original letlera wcro siibmitied to his perusal by Mr. Wiitt, junior, as 
they had befure been to M. Ara(;o, 

t ' Edinburgh Ueiivw ' for January, 1S43. 
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Sir David Brewster, on fully studying the fresh evidence 
which the correspondence of Mr. Watt first made public, un- 
hesitatingly professed his entire conversion ; and in one of those 
eloquent essays by which he has so often adorned tho progress of 
scientific discovery, puhlicly announced, as the conclusion at which 
he had arrived, that the argument for Mr. Watt's priority " had 
now been placed on a sound and impregnable basis." * 

After the appearance of Sir David's fervent and powerful 
appeal, another eminent person, the late lamented Lord Jeffrey, 
consecrated the last, and we believe the longest, as it certainly is 
one of the very ablest of all his critical labours, to an admirable 
and truly judicial review of the whole controversy, then well- 
nigh its close-t 

Lastly, Liehig, in his 'Letters on Chemistry,' says, that "we 
value facts because of their permanence and immatability, and 
because they supply the soil for ideas ; but a fad acquires its true 
and full value only through the idea %vhich is develqted by it. Many 
facts were not in the possession of Stahl, but the idea la his 
property. Cavendish and Watt both discovered the composition 
of water: Cavendish estailished ilte facts, Watt the idea. Caven- 
dish says, ' From inflammable and dephlogisticated air water is 
produced.' Watt says, ' Water consists or is composed of inflam- 
mable and dephlogisticated air.' Between these forms of es- 
re is a wide difference." 

1 matters now stand, with a priority of publication 
really incontestable, — while it is by no means our wish to lessen 
the high reputation which Mr. Cavendish maintained, — we may 
be forgiven if we dwell with pride on some characteristics of Mr. 
Watt, which are not without a very important and obvious bear- 
ing on a question like the present. 

A distinguished orator and statesman, after mentioning that 
he had the happiness of knowing Mr. Watt for raany years, in 
the intercourse of private life, said that those who were admitted 

• ' NortI 
t 'Edinl 



dbyGoot^lc 



LORD BEOUGHAM — WORDSWOETH. 289 

to his society would readily allow, that any thing more pare, 
more candid, more simple, more scrupulously loving of justice, 
than the whole hahits of his life and conversation proved him to 
be, was never known ; — " There was one quality, which most 
honourably distinguished hira from too many inventors, and was 
worthy of all imitation, — ho was not only entirely free from 
jealousy, but he exercised a careful and scrupulous self-denial, 
and was anxious not to appear, even by accident, as appropri- 
ating to himself that which he thought belonged to others. * * 
The only jealousy I have known him to betray, was with respect 
to others , m the nir e adjustment he was fond of giving to the 
claims of imentora Justly prizing SLientific discovery above all 
other possessions, he deemed the title to it so saered, that vou 
might hear him argumg by the hour to settle disputed nghts ; 
and if you eter perceived his temper ruffled, it iv as nhen one 
man's invention was claimed hy, or given to another, or when a 
clumsy adolafion pressed upon himsell that which he knew to be 
not his own " * 

It is no derogation from his exi^llence, that ho na-i at the 
same time m* unconscious of "jnst pride, tiranded on great 
talents and great services , that pride, which the most exalted 
and most worthy can justly mdulge " t But his eiempiary mind 
borrowed an additional gr-iee from his habitual restraint of all 
such emotions; and we bh<»ll never forget the noble animation 
with which one of our moft gifted and venerable Poets,} after 
having pointedly censured the unhippy pissioa far notoriety by 
which he conceived that some scientihc men ol the present day 
were too much actuated, fervently exclaimed, — It was not so, 
that Newton made hi discoveries, the grandest ever known; nor 
that Watt made hi , the mist beneficial to minkind: — I loot 
upon him, considermg both the magnitule and the universality 

* Lord Brougham « Speech printed with the Trauslatiou of Arago'a 'Eloge,' 
pp. 31 6-21 S. 

t Sir B. Peel, in the House of Commona, aSrd January, 1348. 
t Mr. Wordsworth, in September, lS-10- 



dbyGoo<^le 



290 LIFE OP WATT. 

of hia genius, as perhaps tbe most estraordinary man that this 
country ever produced ; he never sought display, but was content 
to work in that quietness and humility, both of spirit and of 
outward circumstances, in which alone all that is truly great and 
good was ever done." 

The result of the evidence on the whole case, as far as Mr, 
Watt's priority is concerned, we shall briefly espre^ in these 
propositions, which certainly do not assume more than we have 
already proved ; and of which every one who has been accus- 
tomed to the exactness of legal iiic[uiTies into matters of disputed 
discovery, will acknowledge the force. 

First, that Mr. Watt formed the original idea in his own 
mind, and thus was a discoverer of the true theory of the com- 
position of wat«r. 

Secondly, that being a discoverer, ho was also the itest 
PUBLISHER of that true theory. 

Thirdly, that being both a discoverer, and also the first pub- 
lisher, he must therefore be held to be "the true and first 

ISVENTOR THEREOF." * 

Thus, in the course of the controversy, all has been done that 
seemed essential for the fame of Mr. Watt, or that was requisite 
for a compliance with his own simple and memorable injunction, 
delivered nearly seventy years ago: t — "Preserve the dignity of 
a philosopher and historian ; relate the facts, and leave posterity 
to judge." 

It may somewhat relieve the dullness of scientific discussion, 
imd also present a more cheerful view of human nature than 
some other parts of "the water controversy" aiford, if we offer 
such confirmation as our present reseai'cbes enable us to do, of 
the late Mr. James Watt's assertion that his lather, " after be- 
coming in 1785 a Fellow of the Royal Society, formed the per- 
sonal acquaintance of Mr. Cavendish, and lived upon good terms 

* See Godson on Patents, pp. 37-30. The term " InTenlor" is, of coorse, 
here used in the legal sense, of " one ttjat has found out aomethjng new." 

t To Dr. DarwiL, 34 Novembw, 1T89. \ 
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with him."* In August of that year, it appeare, Cavendish 
visited Birmingham and Soho, where he spent some time in 
examining the engine estahlishment, and conversing with Mr. 
Watt upon it : — and in October of the same year, Mr. W. wrote f 
as follows : — " When I was in London I was received very kindly 
by Mr. Cavendish and Dr. Blagden, and my old'friend Smeaton, 
who has now recovered his health, and seems hearty. I dined at 
a turtle feast with them and the select club of the Eoyal Society; 
and never was turtle eaten with greater sobriety and temperance, 
or more good fellowship. I dined also at Mr. Cavendish's, who 
lives very elegantly, and gave us a good English dinner. Among 
other company we had tlie famous Peter Camper, the Anatomist, 
once Professor at I'ranecker, J a fresh gigantic man of 64, that 
never had sickness in his life except once. He ia to come here 
before leaving England." § 

We had formerly regretted, that neither Mr. Watt, nor, so 
far as we then knew, any one else, had left any record of Mr. 
Cavendish's "flow of soul" on the evening in question; but we 
have since discovered, ia a pocket-book for 1785, under date of 
21st October, in Mr. Watt's hand-writing, this entry: — ^'Dined 
at Mr, Cavendish's, topic Hugenian telescope." 

In point of convivial enjoyment, the other dinner mentioned 
in Mr. Watt's letter would appear, from hia expressions, con- 
Biderably to have excelled the entertainment supplied at Caven- 
dish's eremitical abode. And we are not without other meatus of 
estimating the amount of good fellowship which habitually pre- 
vailed at those "noctes ccenieque Deftm" of the club of the 

* 'Correspondence of Mr. Watt OQ bia Discovery of Ibe Composition of 
Water,' p. iv. 

t To Mrs, Watt, Bimiingiiam, October Blst, 1735. 

t In Frieslflnd. Camper was bom in 1723, and, intbe same jear in which hB 
met Mr. Wwtt, was elected a member of the Academy of Sciences at Paris. He 
died iQ ITSQ, and is buried in St. ■Petei's Cliurcb, Lcyden, 

% Which he accordingly did : as we loam from a letter of Mr. Watt to Mrs. 
Wiitt, dated Birmingham, November 3, 1785 — "I bad a visit of Professor Cam- 
per yesterday : be ia a fine old fellow." 



dbyGoo<^le 



292 LIFE OF WATT. 

Eoyal Society. That distinguished mineralogiat, M. Faujaa do 
St. Fond, has devoted some pages of hia 'Travels in Great 
Britain ' to recording- the scene ho witnessed, and the impression 
it made upon him, when a few years later he partoot of a like 
hospitality; and as, on the occasion of which he speaks, Sir 
Joseph Bajiks was President, Blagden Secretary, and Cavendish 
one of the party, and all of those three are among the persons of 
what we may term the drama of the discovery of the composition 
of water, we perhaps need not apologise for introducing some 
notice of that feast of scientific reason, which M. do St. Fond has 
minutely and with evident relish thus described 

At th 3 1 liner of an aeadem cl h vl cl commenced ^t 
ti e o clo k 1 e sa ti e 1 hes were of the sol 1 k nd such ^3 

rotst \eei lolel heef and mutton prejael n ar n s man 
ner — th abun 1 ce of pot toes nd other eg, table vh h 
eich person seaso e 1 as he plea ed h the d ffe ent saucea 
whi h were placed npon th. tibl The he f steaks an I tie 
roast beef were at first t,ufiic entlj drenched hy la g qiattes 
of t ong b e ca/l I po ter t as 1 ank o t of ejl nd al 
pe ter pots, h 1 a e hj &oi e tho ght i fe jble to glasses i e 
hajK h ame thej e ali/e o e to •allow a ulok i t at a IraujM 
This J el le be ng finished there appeare 1 as f by mag c a 
number of fine crystal decanters filled with the best port, madeira, 
and claret." '' Several glasses were distributed to each person, 
and the libations cwnmenced on. a grand scale, in the midst of dif- 
ferent kinds of cheeses, which, rolling in inahogany cases fnmi one 
end of the table to the other, prc^oked the thirst of the drinkers." 
" The members of the club afterwards saluted each other, one by 
one, with a glass of wine. According to this custom, one must 
drink as many times as there are guests, for it would be thought a 
want of politeness in England to drink to the health of more 
persons than one at a time." M. de St. Fond had mentioned, in 
an earlier part of his account, that the club consisted of about 
forty members, each of whom had a right to introduce two, and 
the president a greater number of friends. He does not mention 
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by hoTv many the guests, and consequently the glasses of wine 
drajik by each at this stage of the entertainment, fell short of the 
hundred and twenty to which that compotatory computation 
might amount. But, qualis ab inceplo, the convivial Darrative 
proceeds : — "A few hottli'S of cfiwnjiagiie soon put all the company 
in good humour. The tea cam.e next, with butter, marmalade, 
and all its usual accompaniments: coffee followed, humbly yield- 
ing precedence to the tea, though it be the better of the two. In 
France, we commonly drink only one cup of good coffee after 
dinner; in England, they drink five or six times that quantity, 
of the most detestable, kind. BranAj, nan, and some other strong 
liquors, closed this philosophic banquet." And for the soUd repast 
with all its fluid accompaniments, — "all this intolerable deal of 
sack," — each of the guests paid " seven livres, four sols French 
money." With justice does the good M. Fanjas remark, "This 
was not dear;" and he sympathetically adds, "The great Gor- 
neille, Moliere, Despreaus, La Fontaine, and EacLne, used to 
take a bottle now and then in a tavern ; and they were neither 
the worse friends, nor the worse poets, for it." 
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Me. W tt h m I 1 in 1783 having led him, towards 
the end of that year, to make some calculations from experiments 
of Lavoisier and De La Place, and to compare them with others 
made by Mr. Kirwan, he wrote to the latter gentleman,* "I had 
a great deal of trouble in reducing the weights and measures to 
speak the same language; and many of the German experiments 
become still more difficult from their using diiferent weights and 
different divisions of them in different parts of that empire. It 
13 therefore a very desirable thing to have these difficulties re- 
moved, and to get all philosophers to use pounds divided in the . 
same manner, and I flatter myself that may he accomplished if 
you. Dr. Priestley, and a few of the French experimenters will ' 
agree to it ; for the utility is so evident, that every thinking per- ; 
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Bon must immediately he conviaced of it. My proposal is briefly 
this } let the 

Philosophical pound consist of 10 ounces, or 10.000 grains, 
the ounce " 1(1 drachma, or 1,000 " 

the drachm " 100 grains, Or 100 " 

Let all elastic fluids be measured by the ounce measure of water, 
by which th al at n of different cubic inches will be avoided, 
and the mm n d mial tables of specific gravities will imme- 
diately gi th w hts of those elastic fluids. 

" K all ph 1 ph cannot agree on one pound or one grain, 
let every ne tat 1 tm pound or his own grain ; it will aflect 
nothing x pt d f medicines, which must be corrected as is 

now don but as t uld be much better that the identical 
pound wa us d by all I would propose that the Amsterdam or 
Paris pomi l! a m d as the standard, being now the most uni- 
versal in Europe: it is to out avoirdupois pomid as 109 is to 100. 
Our avoirdupois pound contains 7000 of our grains, and the Paris 
pound 7630 of our grains, but it contains 0376 Paris grains, so 
that the division into 10,000 would very little affect the Paris 
grain. I prefer dividing the pound afresh to beginning with the 
Paris grain, because I believe the pound is very general, but the 
grain local. 

" Dr. Priestley has agreed to this proposal, and has referred 
it to you to fix upon the pound if you otherwise approve it. I 
• shall be happy to have y9ur opinion of it as soon as convenient, 
and to concert with you the means of making it universal • 

* * I have some hopes that the foot may be fixed by the 
pendulum and a measure of water, and a pound derived from 
that ; but in the interim let us at least assume a proper division, 
which from the nature of it must be intelligible as long as deci- 
mal arithmetic is used." 

"As to the precise foot or pound," he afterwards adds, in 
wi'iting to Mr. Magellan, "I do not look upon it to be very ma- 
terial, in chemistry at least. Either the common English foot 
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may be adopted according to your proposal, which has the adyan- 
tage that a ciihic foot la exactly lOOU ounces consequently the 
present foot and ountc would he ret-imel, or i pendulum which 
vibrates 100 time? a minute may he adopted for the standard, 
which would make the ioot 14 2 of our presput inches, and the 
cuhic foot would he >ery exactly a hushtl, ind would weigh 101 
of the present pounds, so that the present p und would not be 
much altered But I thmk that by this, scheme the foot would he 
too large, ^nd thit the incon* enieuLC of changing all the foot 
measures and tlungs depending on them, nould be much greater 
than changing all the poind'!, bubhels, gallons, ilc. I therefore 
give the prclerence to those plans which retain the foot and ounce." 
Alas, at the distance of three-quarters of ^ century from such 
philosophical and piactical proposals the pro'.pect of a uniyersal 
system of weights and measuiLS seems almost as remote as that 
of a umversil language ' 

About the time when Mr. Watt presented to the Eoyal Society 
bis memorable 'Tboughta on the Constituent Parts of Water,' the 
neighbourhood of Birmingham was remarkable for the number of 
kindred spirits, all devoted to -the pursuit of natural knowledge, 
and filled with mutual esteem and affection, who there found 
profitable pleasure in each other's society. Besides Mr. Watt and 
Mr. Boulton, there were among that number Dr. Darwin, Dr. 
Withering, Mr. Keir, Mr. Galton, Mr. Edgeivorth, and Dr. Priest 
ley ; — all of them luminaries not unworthy to revolve round Watt 
as their central sun, but also shining with more than merely re- 
flected light. Priestley, who came to reside at "Birmingham in 
1780, and has repeatedly acknowledged the happiness he expe- 
rienced in living near Mr. Watt, has thus noticed those monthly 
repasts of which his philosophical friends and himself partook at 
their respective houses in turn, and which became well known as 
the meetings of the Lunar Society. " I consider my settlcmentat 
Bhmingham as the happiest event of my life ; being highly fa- 
voui-able to every object I had in view, philosophical or theologi- 
cal. In the former respect 1 had the convecience of good work- 
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f every kind, and the society of persons eminent for their 
; of chemistry ; pai'ticularly Mr. Watt, Mr. Keir, and 
Dr. Withering. These, with Mr. Boulton and Dr. Darwin, who 
soon left us by removing from Lichfield to Derhy, Mr. GaJton, and 
afterwards Mr. Johnson, of Kcnilworth, and myself, dined to- 
gether every month, calling ourselves the Lunar Society, hecanse 
the time of our meeting was near the full-moon,"* "in order," 
as he elsewhere says, " to have the benefit of its light in return- 
ing Lome." From an invitation from Mr. Watt to Mr. Wedg- 
wood to attend one of the dinners of the Society, we learn that 
it was customary for the philosophic convives " to dine at two o'clock, 
and not to part till eight in the evening." 

Mr. Watt, in writing to Dr. Darwin to remind him of his en- 
g^ement to attend another of those friendly meetings, at once 
social and scientific, gives a lively bill of fare of the subjects pro- 
posed for tlie consideration of the party ; — some expressions used 
in which, viz., " it is to be determined whether or not heat is a 
compound of phlogiston and empyreal air," " what light is made 
of, and also how to make it," t as well as the still more curious 
ones of Darwin's reply, "I can tell you some secrets in returnfor 
yours, viz., that atmospheric gas is composed of light and the 
earth of water, (aqueous earth,) — t/tat water is composed of aqueous 
gas, which is di^laced frcin if eattk bi/ oil of vitriol," % — may be 
held to have foreshadowed, ^sith more or less distinctness, those 
researches which ended in the discovery of " what water is made 
of," and also, as the disco\eier qnamtly expresses it, "how to 
make it," § 

The Lunar Society lost one of its most active and valued 
members hy the disgraceful riots which in 1791 had the effect of 
driving Priestley from his home ; when his house, library, chemi- 

* 'Memoirs of Dr. Priestley, by iiimseif.' p, 97, 1806. 
t Mr. Watt to Dr. Dflrwln, Birminghain, January 3rd, 1781 ; ' Meobanical Id- 
yeniions of Watt,' vol. iL p, 133. 

t Dr, Darwin to Mr. Watt, Jaa, 6, 1T81 ; ' Mechanical Inventions of Wafl,' 

5 Mr. Watt to Mr. Fry of Bristol, p, 329, supro. 
13* 
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cal apparatus, and furniture, were destroyed by tlie cowarcUy vio- 
lence of tlie rabble. On that occasion the extraordinary specta- 
cle was presented, of an ignorant and brutal mob in England 
arming themselves against the partisans of democratic lawless- 
ness in France. " The affair originated," wrote Mr. Watt to his 
friend M. De Luc,* "from some gentlemen very foolishly cele- 
brating the Frcncli revolution by a dinner on the 14th. They 
were warned that some tumult might ensue, and advised against 
it; however, some of them met, were insulted as tliey went in, 
and, therefore, dispersed by five o'clock. About eight o'clock a 
mob assembled, broke the windows of the hotel where the com- 
pany met, pulled down two dissenting meeting-houses, then Dr. 
Priestley's house, which they razed to the ground, (he and his 
family made their escape in time ;) then they destroyed a very 
good house in town, and from that proceeded to destroy some 
others in town, and some of the best houses in the country, most- 
ly belonging to dissenters, they say to the number of ten or fifteen, 
and to the amount of above 100,000/. Then was the sovereignty 
of the people established in full authority for three days and 
nights ! Quiet subjects were panic-struck ; and, after some feeble 
efforts to establish peace, people submitted quietly to their fate. 
We, on our part, finding there was no likelihood of any other 
protection, applied to our workmen, convinced them of the crimi- 
nality as well as imprudence of joining the mob, and kept them 
all at home, procured some arms, and had their promise of de- 
fending ua and themselves against all invaders. 

"Though our principles, which are well known, as friends to 
the established government, and enemies to republican principles, 
should have been our protection from a mob whose watchword v/aa 
Church and King, yet our safety was principally owing to most of 
the dissenters living on the south of the town ; for after the first 
moments they did not seem over nice in their discriminations of 
religion or principles. I, among othersj was pointed out as a 
Presbyterian, though I never was in a meeting-house in Birming- 
•19th July, 1791. 
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ham, and Mr. B. is well known as a Churchman. We had every- 
thing moat portable packed up, fearing the worst ; however, all 
is well with us. It must be observed to their credit, that 
they neither killed nor maltreated any of the sufferers, except 
such as opposed them by violence, among whom they dealt some 
civil knocks by bludgeons. Some military arrived on Sunday 
night, since which there has been no rioting in the town, and we 
hope they are dispersed." 

Even three months later, when Dr. Priestley proposed paying 
a short visit io Birmingham for the purpose of taking leave of hia 
friends and congregation there, Mr. Watt thought it necessary 
still to write to him recommending caution and delay. After- 
wards, when the Doctor had removed, first to Clapton, and then 
to Northumberland in America, his friends "contributed," as he 
said, "to set up a broken philosopher" in his state of exile ; and 
among the useful articles which in hi.s new laboratory recalled 
the pleasant memories of Soho, were a digester, a chemical lamp, 
a number of duplicates from Mr. Boulton'a collection of minerals, 
and what the worthy and venerable philosopher calls "the noble 
present of a furnace, and other apparatus for making large quan- 
tities of air;" which he found "invaluable," and much more 
convenient than anything he had ever possessed before. 

In 1786, Mr. Watt and Mr. Boulton proceeded to Paris, on 
the invitation of the French Government, to meet proposals for 
their erecting sfeam-engines in that country under an exclusive 
privilege. In particular they were to suggest improvements on 
■ the great hydraulic machine of Marly; that gigantic specimen 
of a race of mec'hanical megalosaurians, now nearly extinct, of 
which Belidor has given a striking description, but which he 
introduces by the eulogy, — a very questionable one, as most of 
our readers know, nhere machinery is concerned, — "il ne paroit 
pas que Ton ait jamais exficutfi de machine qm ait fait autant de 
bruit dans le monde que celle de Marly." * 

* Desaguliera, AqdoL upoa Lecture XII. of bis ' Course of Eiperimectal 
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The Machine of Marly was erected at the village of that name 
upon the Seine, by Eennequin of Leige, for Louis XIV. in 1682, 
to raise water for the town and water-works of Versailles. This 
was effected hymeans of fourteen large water-wheels, and a series 
of pumps, pipes cranks and rods remarkahle for their complexity 
and the noise they male in working Thi, improiementa sug- 
gested on this machme were not cirr l 1 mto effect in conse- 
quence of financial difliculties and the dism ssal f tl e mmistry. 
Since then a steam engine has leen erei-ted ly the French to do 
part of the work and two of the wheels with improved appara- 
tus, are all that rema n of this cumi ersorae mochinerv It is 
amusing in the present state of hvdraulc sc ence to read an 
account of the Machine of Marly such as is giien in Desagu- 
liers : — " When he, says that wnter, that cotnes to tale aview of 
the engine at Marly, sees it cover a mile of grornid in length, and the 
breadth g^-eater than that of the whole river Seine, — he cannot but look 
upon it as a stupendous ^nachine. * * It is said that the Machine at 
Marly cost ahove eighty mllioiis of French litres, which is above four 
millons of pounds sterling. Some of tlie largest of our fire-engines, 
at present [1744] in use in England, will raise as much water to the 
same lieight, and not cost above ten tkowand pounds." ' The Mar- 
quis de Custine calls that ancient machine the same thing in 
mechanics, as of old the Inc[uisition in Spain was in politics ;"{■ 
"the venerable machine of Marly," says Mr. Watt, "they now 
consider as much the disgrace as it once was [considered to be] 
the honor of the ration : '' and therein, also, let us hope that De 
Custine's parallel may now hold good. 

This journey was not undertaken without proper precautions 
being used to prevent it being supposed that the manufacturers 
of the new steam-engines were desirous of pushing their own 
interests in any way that might prove prejudicial to their country ; 
"I think," Mr. Watt wrote to Mr. Boulton, "if either of us go 
to Prance, we should first wait upon Mr. Pitt, and let him know 
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our errand thither, that the tongue of slander may be silenced, 
■ all undue suspicion removed, and ourselves rendered more valuable 
in his eyes, because others desire to have us! " The principal 
objects of their visit were frustrated by the political circumstances 
of the time; and although " perfectly sensible of the honor which 
might be acquired by such a job as Marly," Mr. Watt was also 
fully aware that it would be attended with much labor and vexa- 
tion, and he felt "by no means stire of the profit." But the 
English engineers had a very agreeable journey; and a most 
flattering reception in Paris from the ministry, who seemed urach 
disposed to employ them in the line of their business, as engine- 
makers, in France. They however absolutely refused to engage 
in any such manufacture, as contrary to the interest of Great 
Britain. They had also the sJftlsfaction of making the acquaint- 
ance of most of the eminent men of science of whom the great 
capital of France had then to boast, as Lavoisier, La Place, 
Monge, Berthoilet, De Prony, Hassenfratz, Fourcroy, Delessert, 
and others; with most of whom they afterwards maintained a 
frequent and most friendly correspondence. Mr. Watt gaily 
described himself as having been on this occasion "drunk from 
morning till night with Burgundy anil undeserved praise i" 
although greater temperance than his probably never partook of 
the entertainments which enlivened the scientitic morning or 
evening, nor were the panegyrics of the great ever bestowed upon 
one who received them with more perfect modesty and self- 
distrust. 

It was then that Berthoilet communicated to Mr. Watt hia 
discovery of the new method of bleaching, by means of what was 
■ at that time termed the dephlogisticated acid of sea-salt; and 
exhibited the process in the presence of a number of spectators, 
among whom were Mr. Watt and Mr. Boulton. On their return 
to England, those gentlemen mentioned to Mr. Pitt that M. 
Berthoilet was in possession of such a process, in the view of 
obtaining for him a parliamentary reward, or exclusive privilege In 
Great Britain ; — an object, however, which proved to be so diffl- 
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cult of attainment, that M. Berthollet subsequently renounced 
any lucrative views connected with his discovery, in this country. 
He then gave permission to Mr. Watt to communicate it to his 
lather-in-Iaw, Mr. Macgregor, who was enabled to employ it in 
his trade, along with several new improvements of Mr Watt's 
invention, the results of a long; series of experiments In rela 
tion to the inventor," says Mr. Watt,* "he is a mt of so ence 
a member of the Academy of Sciences at Paris, and a physic an, 
not very rich, a very modest and worthy man, and an excellent 
chemist. My sole motives in meddling with it were to procure 
such reward as I could to a man of merit who had made an 
extensively useful discovery in the arts, and secondly, I had an 
immediate view to your interest ; as to myself, I had no lucrative 
views whatsoever, it being a tJiing 8ut of my way, which both my 
business and my health prevented me from pursuing further tbaa 
it might serve for amusement when unfit for more serious business. 
Lately, by a letter from the inventor, he informs me that he gives 
up all intentions of pursuing it with lucrative views, as he says 
he will not compromise his quiet and happiness by engaging in 
business ; in which, perhaps, he is right ; but if the discovery has 
real merit, as I apprehend, he is certainly entitled to a generous 
reward, which I would, wish, for the honor of Britain, to procure 
for him ; but I much fear, in the way you state it, that nothing 
could be got worth his acceptance." The process was also prac- 
tised on a large scale, (in consequence of similar information 
communicated to them by the original inventor,) by Messrs. 
Henry, and Messrs. Baker & Co., of Manchester ; and so greatly 
did the new improvement succeed, that it soon aftewards appeared, 
on the occasion of a trial as to the validity of a patent for pre- 
paring the material used, that one bleacher at Manchester 
bleached at the rate of a thousand pieces of muslin (of thirty 
yards each) every day, and that the goods were only three days 
in hand until they were completely finished. Another d 

• To Mc. Macgregor, 27th AptU, 1787. 
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that the saving of potash which he effected by using the new pro- 
cess, amounted to ahove 2000/- in the course of little more than 
a year. . ■ 

But we must turn from such dUassemmts as scientific feasts 
and phOo&ophical tours, by which the ordinary routine of Mr. 
Watt's lahorious life was occasionally, — hut only too seldom, — 
pleasantly diversified, to a far less agreeable but more compulsory 
occupation in which a considerable portion of it was now unavoid- 
ably consumed. For very many yeais, although seriously injured 
by the piratical practices of their opponents, they submitted to 
them, if not in silence, at least without openly punishing them 
by law. The consequence was, that in the course of time, engines 
on the principle of separate condensation, and with such other 
particulars of the Soho construction as could be picked up by 
bribery of workmen, and other clandestine means, began to he 
erected. It is true, that of such engines, which were of very 
erroneous proportions and defective manufacture, the performances 
were usually far from being successful. Some, like Homblower's 
at Eadstoke, were asthmatic, " obliged to stand still once every 
ten minutes, to snore and snort ;"* "when they have got a very 
strong steam, it will make 21 strokes in three minutes, but then 
comes to rest, and must stand five minutes before it gets strength 
enough to make another stroke, and all the while they must iirc 
away as hard as ever they can, otherwise it wUl not work at all." f 
Some were like Evans' mill, which was a gentlemanly mill : it 
would go when it had nothing to do, hut refused to do any work." 
The greatest achievement which some others succeeded in effecting, 
was to burst their own boiler, or break their own machinery to 
pieces. But the manifestation even of such energy was rare among 
them; of all "the bodily presence," — so, at least, thought Mr. 
Watt, — "was weak," and the work "contemptible." Still, even 
such imperfect and really useless machines injured the fair traders, 
by attracting customers through a specious though deceptive show 
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of cheapness ; while on the other hand, their numerous faults, and 
the annoyances which they caused, tended to excite a prejudice 
even against the Soho engines, which were often ignorantly 
classed along with them under the general category. At last, it 
. was deemed right as the least of two evils, to try whether the 
exclusive privilege could not be compiilsorlly and penally estab- 
lished against those who had infringed it ; and the wide field of 
litigation was therefore deliberately, though reluctantly, entered 

The legal proceedings, both in equity and at common law, 
which now became necessary, were numerous ; and it is painful, 
even at this distance of time, to contemplate the mass of litigation 
through nhich, in mere self-defence, the patentees were compelled 
to struggle A hill of costs, sent in by one firm of solicitors in 
Londm for their outlay and professional senices m matters coa- 
nei,tid with the various infringements, has been preserved, and is 
now before us: amounting, for the short spai,e of the four last 
years of the time to which the extension of the patent w^s limited, 
viz., from 1796 to 1800, to between five and sin. thousand pounds ! * 
This was unquestionably a fearful tax ; — a burden grievous to be 
borne by the successful discoverer in science, md his enterprising 
associate, in seeking the final, though tardy, enfortement of 
justice ! 

The advancing years of both Mr. Watt and Mr. Boulton, of 
whom the expiration of the patent found the one approaching, and 
the other already past, his threescore and tenth year, made them 
both feel more sensibly the severity of so distasteful a conflict } 
which, although conducted with both skill and determination on 
their own part, was latterly intrusted chiefly to the management of 
their sons, Mr. James Watt, junr., and Mr. M. Robinson Boulton. 

* Long afterwards, {in 1818,) when speaWng of an account, the charges in 
which were enormous, "Mr. Watt said that "it would not hatte disgraced a London 
solicilor." The espericnceof many of our readers may have taught them to un- 
derstaud the full force of this remark ; allhough, happily, there are honourable 
ezceptiona to the too general rule. 
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"In the whole affair," writes Mr, Watt to his old friend, Dr. 
Black,* "nothingwas so grateful tome as the zeal of our friends, 
and the activity of our young men, which were unremitting," 

Two trials in particular there were, in which Mr. Watt's 
principal invention, and the patent granted for ita exercise, 
hecame the euhject of foil and elaborate discussion ; and which, 
both at that time and since, attracted too much attention to Tie at 
present unnoticed by us. Our remarks, however, on this part of 
our subject need he few, as further information on the various 
points noticed in the course of the arguments delivered, whether 
at the bar or from the bench, may be found in the reports of the 
opinions of the Judges, taken in short-hand at the time, and 
printed in a former work-t 

In both of those causes Messrs. Boulton and Watt were the 
plaintiffs. The defendants were, in one of them, a person of the 
name of Bull ; and, in the other, Me<!sre [Tonathan] Hornblower 
and Maberly. "Mr. Bull was a sf ! and by h-njjig been 

employed by Boulton and Watt in that capacity ind afterwards 
as an assistant engine-tender, he giined that acquaintance with 
the construction of their engines through which he ultimately 
sought to deprive them of their j atent rights The cause of 
" Boulton and Watt v. Bull," was tried in the Court of Common 
Pleas on the 22d of June, 1703, by a special jury, before Lord 
Chief Justice Eyre. Among the witnesses on the side of the 
plaintiffs were De Luc, Herscliel, Lind, Southern, Mylne, Gum- 
ming, Murdock, More, Eennie, and Eamsden , and when their 
counsel rose to reply to the evidence adduced for the defence, the 
foreman of the jury said that the jury nere already perfectly 
satisfied. The verdict was for the plaintiffs, subject to the opinion 
of the Court as to the validity of the patent. On the 16th of 
May, 1795, Uie special case came on for judgment; when the 
opinions of the Judges were equally divided. For the patent 

* 15 January, 1797. 

t See the Appendii io the 'Mechanical luTeiitioiis of Watt,' Nos, V, nad 
TIL, tdI, iii. pp. 164^207, end 253-293. 
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were Lord Chief Justice Eyre, and Mr. Justice Eooke; agi 
it, Mr. Justice Heath, and Mr. Justice Buller. Alout the s. 
time, so multifarious were the questions which the le 
of the counsel and Judges had raised concerning the patent and 
its infringement, that Mr. Watt writes, " Since I have been so 
much among the doubting limbs of the law, it is impossible to 
come to a conclusion upon any subject!" 

The cause of "Boulton and Watt v. Hornblower and Maherly," 
was tried in tbe Common Pleas on the 16th of December, 1796, 
and, like the previous case, by a special jury, before Lord Chief 
Justice Eyre, The verdict was, again, for the plaintiffs ; and the 
proceedings on a writ of error subsequently brought, had only the 
effect of affirming that result by the DBanimous opinion of the 
four Judges before whom it was argued, (as it was most ably and 
fully,) on two several occasions. 

The arguments against the validity of the patent, offered by 
the defendants in the action, (the plaintiffs in error,) in the Com- 
mon rieas, were principally drawn from alleged objections to the 
BufBciency of the specification of 1769. And it must here be 
observed that the statute continuing the benefit of the letters 
patent, (which, having been granted for fourteen years from the 
5th of January, 1769, would otherwise have been determined, by 
length of time, previous to the date of the action,) provided that 
every ohjection in law competent against the patent should be 
competent against the statute, in case the patent ought not to 
have been granted: on grounds, namely, of prior invention and 
puhlic use, or of the specification not complying with the con- 
ditions required by the statute, (21 Jac. I., cap. iii.) But for such 
a proviso, ohjections to the validity of the patent, founded on thp 
alleged insufficiency of the specification, could not have been 
listened to. It was, however, contended on the part of the in- 
fringers : — 

1. Generally, that the description of the engine given in the 
specification was not sufficient to put the puhlic in possession of 
the best mode of making such engines on the newly invented 



dbyGoot^le 



VALIDITY OP THE PATENT ARGUED, 307 

principles, so aa to entitle the patentee to the benefit of the mo- 
nopoly, which the policy of the law prescribes shall be granted 
and secured only on condition of that being done. 

How far this objection was or was not well founded, became, 
of course, matter of evidence for the jury; and while among the 
witnesses for the plaintiffs there was a unanimous concurrence 
of opinion as to the sufficiency of the description given in the 
specification, even those called by the defendants were, with few 
exceptions, also obliged to admit it. The exceptions were some 
three in number, and the contrary nature of their testimony was 
at once accounted for, either by the interest they had, aa being 
themselves infringers, to overthrow the patent, or by their inferior 
skill in their business as mechanics. 

A curious and interesting proof of ho 1 a ly th n 11a 
of condensation in a separate vessel could b i nt 1 t< the 
mind of any one accustomed to consider m hai 1 h) t n a 
practical point of view, even when imac mj n d >y anythm 
like the fulness and clearness of the sp ti t n as supph d 
by Mr. Kohison in the following anecdote wh h a und t d 
at the time to have had a decisive effect a he mmd of the 
Court and Jury; — 

"In the year 1770," Bays Professor Eobison, "I went to 
Eussia, to take the direction of the Imperial Academy of Marine 
in that country. My house was adjoining to the bason into which 
the docks of Kussia were drained ; the water was drawn out by 
two expensive windmills ; it occurred to me that a steam-engine 
would answer the purpose better j and, as that country was at a 
great distance from pit-coal, it occurred to me that Mr. Watt's 
engine was the best. I recommended the Admiralty College to 
erect a steam-engine ; this occasioned a good deal of conversation 
between me and the gentlemen of science in that country, par- 
ticularly a Mr. Model, the Court apothecary, a gentleman of great 
reputation, and one of the first chemists of the age, whom I had 
instructed in the doctrine of latent heat, I wrote to Mr. Watt, 
desiring him to undertake the erection of an engine. Mr. Watt, 
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with that liherality which is natural to him, declined interfering 
in it. The expression of his letter was, ' I think you are fully 
able to conduct that project, and it will do you credit in the 
country where joti are.' The day that I received this letter, I 
went to drink tea with Mr. Model ; and found sitting with hua 
Mr. .^pinus, a gentleman no less eminent for his beautiful theory 
of magnetism and electricity. I mentioned Mr. Watt's genteel 
declinature, and also a passage of his letter, in which he said that 
by admitting steam to press down the piston, its want of perfect 
tightness was not so hurtful as appeared at iirst sight, because 
the steam which got past would only be lost, but would not choke 
tlie engine. Model broke out into an exclamation, coniJrmjng 
what I said, .ffipinus did not see the force of what we said, and 
Model took out liis pencil to make a sketch which would explain 
it to him, Hot readily finding a bit of paper, I pulled a bit out 
of my pocket, on which he made a sketch. This happened to be 
an official report, which I had that day received at Cronstadt, 
and which I kept with many tilings of this kind, and they came 
home with my other papers. I submit it to the inspection of the 
Court, and presume it will be acknowledged as a convincing 
proof that Mr. Model completely understood Boulton and Watt's 
method ; and that much less information than is given in the 
specification is sufficient for enabling an intelligent engineer to 
erect an efiective engine, or to comprehend Mr. Watt's prin- 

2. It was objected, secondly, in particular, that the mode of 
condensation, (by injection of a jet of cold water,) was not 



But as this mode was familiarly known to all engineers, and 
even to most common mechanics, to have been ordinarily prac- 
tised in Newcomen's engines, the repetition of it by Mr. Watt in 
his specification was quite uncalled for ; no departure from the 
former practice, in that particular, being intended by him to be 
adopted. 

3. That the relative proportions which the condenser should 
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bear to tbe cylinder, and which the air-pnmp should bear to the 
condenser, were not specified, eo aa to render it unnecessary to 
resort to experimental trials, in the construction of engines on 
the new principles. 

On this head, it was readily shown that it was not requisite, 
according to any fair interpretation of the law, that the specifi- 
cation should describe the proportions of the various parts of an 
engine so that any person whatsoever might, without previous 
instruction as an engineer, be thereby enabled at once to con- 
struct a perfect steam-engine ; that it was quite sufficient if it 
gave the information needful for such as had both received some 
previous education, and had some just right io be regarded aa 
engineers ; that the exact proportions of either the condenser or 
the air-pump were quite immaterial to the satisfactory perform- 
ance of the engine, provided only they were large enough to do 
the usual work of condensation and pumping; and that the 
magnitude proper for each of them could not fail to be known to 
all who possessed the amount of previous knowledge required for 
such business before the new invention was made. 

4. That of the various substances specified to be employed 
instead of water, to render the piston or other parts of the 
engines air and. steam-tight, viz. " oils, wax, resinous bodies, fat 
of animals, quicksilver, and other metals in their fluid state," 
only one, (the fat of animals,) was useful and economical in prac- 
tice ; and quicksilver, in particular, by corrosion and amalgama- 
tion, would injure any parts of the engine that might happen to 
be made of brass, to wliich it might get access- 
There was evidently nothing in this objection deserving 
notice ; as it was pretty certain that if any one of the substances 
specified was both cheapest and best, (as was said to be the case 
with mutton suet,) that would soon be adopteij, to the exclusion 
of the rest. As for tJie argument from the quicksilver, all me- 
chanics at aR acquainted with their business knew very well that 
tijat metai ought not to be applied to any brass work ; and the 
Chief Justice could not help observing, that so mercui-ial an 
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objection was scarcely to be considered as a sabject for grave 



5. That no annexed drawing or model of tKe new engine was 
lodged with the specification. 

Unfortunately, the numerous piracies that were successfully 
practised, showed but too forcibly, ttat no drawng or model was 
reqiusite to enable counterfeits of the new engine to be made. 
The fact was, that either drawing or model was not only quite' 
unnecessary, and, from the endless variety of forms in which the 
invention might be applied, quite useless ; but it might really 
have injured the efficacy of the patent by limiting the extent of 
its application. For it must always be remembered, that the 
invention was not (as the infringers tried to represent itj of a 
new engine, but of a new method of saving fuel, by condensing 
the steam in a vessel apart from the cylinder. That separate 
condensation was the thing patented, in whatsoever form, or to 
whatsoever engine it might be applied; although the best mode 
of carrying out the principle, by valves, alternate communication, 
&c., was clearly pointed out, so as to be intelligible to all en- 
gineers or mechanics of ordinary capacity and education in their 

" I know," adds Professor Eobison, " that it has been repeat- 
edly objected to this opinion of men of science concerning the 
sufficiency of the specification, that M Watt wn ac unt a e 
in opposition to it. He had to en t many d fii ult 1 fo e 
he perfected his machine, even aft Ita n I patent I 
know this well But this was chiefly n ubo dinat pa t f the 
undertaking. I firmly believe that th ^ at p n pi w as 
perfect in his mind in a few hour , a th y a t th 1 j , and 
that the physical parts of the problem were as completely solved 
by his first model, as they ate now by his best engines. But when 
Mr. Watt was engaged in bringing the contrivance to perfection, 
he wished to perfect every part. He who wished to make his 
engine not only the best, but the cheapest in the world, — he 
struggled long, in opposition to his own judgment, at Dr. Boe- 
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buck's inatance, to perform the condensation without injection. 
He had a predilection for tlie wheel enginOj and much time and 
lahour were spent on it, while he was uncertain whether he should 
bring this, or the j-eciprocating engine, first to the market. He 
had experience to acquire in great works, and in the practice of 
several trades employed in such constructions. He had workmen 
to instruct, and to form ; and to keep with bini, after they had . 
acquired from him a little knowledge, and were worth bribing 
away from him. Ent the chief cause of the delay waa that 
indelible trait in Mr. Watt's character, that every new thing that 
came into his hands became a subject of serious and systematic 
study, and terminated in some branch of science. How rarely 
do we Ineet with such a conjunction of science and art, — hgw 
precious when it is found ; — how much then does it deserve to he 
cherished! What advantages have been derived wittin these 
twenty years from this fortunate union ; — how much then does it 
become our courts to encourage and support it against the un- 
principled attacks of ignorant and greedy plagiarists, who would 
deceive our men of property, ruin them by expensive projects 
which terminate in disappointment, and thus discourage those 
who alone can by their capital give any effectual aid to the 
energy and genius of this country ! We boast of our Newton, 
and place him at the head of our philosophers ; — our Boulton and 
Watt want only JTisiice, and all Europe will place them at the 
head of our artists." 

The originality of the invention, and its great importance to 
the public, were at once estabhshed by the plaintiffs ; and, in- 
deed, were admitted by the defendants. The very multitude of 
the infringers bore testimony to the value of the discovery ; their 
occasional construction of tolerable engines on the new principle, 
proved the sufficiency of the specification ; and their audacity 
was in proportion to the despair they felt of being able to rival, 
by honest means, the success of the inventor. The whole weight 
of the evidence was justly held to be in favour of the plaintiffs, 
on whose side were called men of the highest order of intelligence 
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and of tlie greatest celebrity in physical scitnce, as well as ia the 
various departments of the arts* — such as De Luc, Herschel, 
Eamsden, Eobison, Gumming', ^Southern, and others, most of 
whom, as has already been mentioned, bad also given evidence in 
the previous case against Bull. 

Among the host of opponenti who iiaimg in the first place 
themsehes infnnged the patent, \(ere dtbtntei ebUdly desirous, /or 
the benefit ot the public that its v ilidity should be oierthrown, 
one of the most forward, rertinacious, and loud, was Joseph 
Bramah Tliia person, lery 'well known for bis ingenuity in 
niPchaniLal improvements m locL-b, his hydraulic pres':, and other 
useful contrivances, attended ab 1 witness on behalf of the de- 
f^dants m 1706 , bnt having on that occasion hsen cut sliort, by 
the Judge, in an endeavour to lay before the Court what he calls 
"a few remarks -^(they extenl to ninety-one printed pages!), — 
he at last delivered the n to the public in the form of a letter to 
the Ch ef Just ce remonstrat ng against the verdict which had 
been unhesitatingly found for the plaintiffs. In the outset of this 
epistle, Bramah stat s that he was, at the trial, "much incapaci- 
tated by those alkalescet t and morbific exhalations, ever a con- 
sequence of large an 1 clo e assemblies ; " and the abi-upt judicial 
syncope of his intended e i lence he attributes, (no duubt justly 
enough ) to the attent on of the Court having "become iiaccid 
through fatig e 

The Bj.ec fication of the sejarate condenser generally, is, this 
excelling sage informs us a very abstruse and ambiguous con- 
cern:" and that of the steam-wheel, "a complete jumble of 
incoherent unconnectel absurl and indigested ideas ; so blended 
and coagulated wilh mystoy, amliguity, and impossibility in prac- 
tice, tJiat it is a disgrace to the writer, and would undoubtedly 
ruin any mechanic who might attempt to analyse it." 

The principle of working engines by the alternate expansion 
and contraction of steam, (the expansive principle added to the 
separate condensation,) he introduces thus : — " And behold ! what 
does he," [Mr. Watt] (" by way of misleading) but propose what 
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every man of chemical science must reject, viz., to work engines 
by the partial expansion and condensation of steam!" 

Bramah ofTers it as "a condensation of his own ideas diffused 
through his letters," that "all kinds of condensers, and even 
eduction-pipes, on. the principle of Watt's engines, impede the 
working of tM engine;" — and " thinks that it must be obvious to 
every one, as it had ever been to him, tfiat Mr. Walt'had really 
invented nothing but ii/tat tiould do more mudief than goo I to the 

It wa-i m the vexation cause 1 by tlie multifarious piiacies of 
which Brimihs wis one that Mr Watt was tempted, m the 
anguish of his mmd almost to cirse his inventions — to 
declare that there is nothing n ore foolish than ini enf ng — 
an! that 'nme tenths of mankind are knwes and a large pro 
portion of Iho remaining one tenth fo Is From an equally 
temporary cauie -ilone let ns hope, also \ roceedcd his e\il opinion 
of some of the gentlemen belonging to a cettam brancli of the 
leg'il profession vhomhe cilled the anthropophagi of London , 
and of whom he said, that if all tho counties la England would 
join in petitioning Parliament to make it high treason for any of 
the tribe to he found in the realm, it would be the wisest thing 
they ever did ! " * It was certainly unfortunate for the reputa- 
tion of Bramah, himself a self-tauglit inventor of great mechan- 
ical ingesuity, that he should liave been led, by whatever motive, 
into systematic and grudging opposition, — (which was also, hap- 
pily, unsnccessfal,) — to the grand and prolific discoveries of Watt. 

The verdict of the jury, on occasion of both of the trials, 
having gone with the stream of testimony which flowed so over- 
whelmingly in favour of the patentees, the judgment of the Court 
finally established the legal validity of the letters patent, and 
effectually vindicated the justice of all the claims that Boultoa 
and Watt had made. That decision has always been viewed as 
one of great importance to the law of patents in this kingdom, 

• To Mr. Boulton, 13 Aprii, 17S0. 
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and was, of course, productive of momentous consequences in a 
pecimiary point of view to the patentees; as, besides heavy 
damages and costs being recovered from the actual defendants, 
the remainder of the horde of delinquents were thereby, at last, 
awed into subjection, and compelled to disgorge a large portion 
of their illegal gains. In judgment on the vanc[uislied, however, 
mercy was not forgotten by the victors ; and the terras of settle- 
ment insisted on were, it is believed, generally satisfactory to all 
parties, Mr. Watt used, long afterwards, to call the specifications 
his old and well-tried friends. 
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With tlie year 1800 came the expiration of the privilege of the 
patent of 1769, as extended by the statute of 1775 ; and also the 
dissolntion of the orignal copartnership of Messrs. Bonlton and 
Watt, of five-and-twenty years' duration ; a term ■which had been 
feed with a prospective reference to the duration of the privilege, 
and which, having at its commencement found the partners active 
and strong', 

" In mezio del cammin' di nostra rita," 

left them, at its close, far advanced on that toilsome journey, and 
disposed to resign the cares and fat gues of hu m ss to other and 
younger hands. Tiose two friendly x t i*ho might well 
Tie termed the fathers of the mode n t n-pn n did not, there- 
fore, in their own persons renew th t act li h they had in 
earlier and more eventful times t nu ly o successfully, 
and so happily fulfilled. But thei p t e shates in the con- 
c«rn were readily adopted, as the basis of a new contract, by their 
Bona, Messrs. James Watt, jun., Matthew Kubinson Boulton, and 
Gregory Watt ; all distinguished by great talents, and already to 
a considerable extent initiated in the conduct of the business, by 
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those valnable instructions whicli the experience of their iathera 
had so well enabled them to give ; as well as by having held, from 
1794, some individual interest in the property of the copartnership. 
The new partners then entered on a course of enterprising 
management, from which one of their number, Gregory Watt, was 
too soon removed by his premature death in 1804. This lamented 
person, having never felt much interest in the dry details of 
business, had been by the kindness of his elder brother, James, in 
great measure relieved from them, and enabled to devote his mind 
solely to those higher pm:suits of science and literature in which he 
found delight ; retaining at the same time the independent cir- 
cumstances and command of leisure which his share of the profits 
from the steam-engine manufactory entabled him to enjoy. In the 
case of the other two gentlemen, the business connection endured 
without any material alteration for a period of no fewer than 
forty years. And it is a remarkable facl, demonstrative alike of 
the continual advance in the development of the various resources 
of this country, and of the energetic ability with which the affairs 
of the Soho manufactory were conducted, that, notwithstanding 
the cessation of the exclusive privilege, and the immense compe- 
tition in the construction of steam-engines which speedily fol- 
lowed, so far was the business of Boulton and Watt from dimin- 
ishing, that it continually increased, and became greatly more 
profitable than it ever had been in the days of its original founders. 
Even after all of his manifold improvements had been secured by 
patent, and were in course of execution in the various engines 
turned out from the Soho manufactory, Mr. Watt had made a very 
moderate estimate of the remunerative nature of the business ; — 
for although in the summer of 1782 he mentioned that the clear 
income realised by it was 3000i per-annum, and might he 5000^., 
he at the same tinie added that it might be less, or nothing ; de- 
pending on how far Mr. Boulton and he might he able to def^t 
their opponents. " From the many opponents we are like to 
have," he also wrote to Mr. Boulton,* " I fear that the engine 
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business cannot be a permanent one ; and I am sure it will not in 
any case prove so lucrative as you have flattered jourself," — and 
"I will stick by tlie engine bueinc-s while it sticks to me ; hut 
we have got so many pretenders no^v, that I fiar they '^sill make 
us little people. If so, let them ' • " I do not think that we 
are safe a day to an end in this cnterpnsing age Ont s thoughts 
seem to be stolen before one speaks tiiem It loaks as if Nature 
had taken an aversion to monopolies, and put the same thing into 
several people's heads at once, to prevent them ; and I begin to 
fear," — he very unreasonably went on to say, — "that she has 
given over inspiring me, as it is with the utmost difficulty I can 
hatch anything new."t 

But, towards the close of tho last century, and on the favour- 
able termination of the long lawsuits, the business became so pro- 
Stable as fully to satisfy the moderate desires of Mr. Watt ; to 
provide an obvious source of independent income for his sons ; 
and thus to remove tlie fears which had often pressed heavily on 
his mind, that he might possibly outlive its success. 

At the very beginning of the century, viz., on Christmas eve, 
1800, a great robbery was attempted at Mr. Boulton's silver-plate 
manufactory ; a building which adjoined the engine-yards and 
workshops, and was at no great distance from his mansion-house. 

The robbery need scarcely bave been mentioned here, but for 
the accidental circumstance of it having become known to Sir 
Walter Scott, and having furnished him with an incident of great 
pictorial effect in one of his most romantic scenes, that, viz,, in 
' Guy Maimering,' between Meg Merrilies and Dirk Hatteraick in 
the cavern. Sir Walter's graphic description of the robbery is 
given in Allan Cunningham's Memoranda, published in Lockhart's 
'Life of Scott.' t "I like Boulton," continued Sir Walter; "ho is 
a brave man, and who can dislike the brave? He showed this 
on a remarkable occasion. He had engaged to coin for some for- 
eign prince a large quantity of gold. This was found out by some 

t Chap. Uii. 



dbyGoot^le 



318 LIFE OF WATT 

desperadoes, who resolved to rob the pre nises a d as a prel mi 
nary step, tried to bribe the porter The porter b as an honest fel 
low, — he told Boulton that he was offered i h n Ire 1 pounds to be 
blind and deaf next night. ' Take the money vas the answer 
'and I shall protect the place. M In ght came — the gates 
opened as if by magic, — the inter or doors sec red w tl j atent 
locks, opened as of their own accord — and three men th dark 
lanterns entered and went straight to the goll Boulton had 
prepared some flax steeped in turpent ne — he dr pt fire upon f 
a sudden light filled all the place anl th h s ass facts he 
rushed forward on the robbers ; — he 1 ader ^a y n a moment he 
was betrayed, turned on the porter and shoot n^ h m le^I burst 
through all obstruction, and with an ngot of goll n h s. hand 
scaled the wall and escaped." That s i te a ron an e in 

robbing,' I said ; and I had nearlj -^a 1 nore for fl e c em 
scene and death of Meg Merriiies rose n my m n 1 

Sir Walter, although quite corre as to tl e ma □ feature of 
the illumination of the scene of plun Jer and rescue b a 1 ghtly 
inaccurate in one particnlar ; for the j orter or at man al 
though shot in the neck, recovere 1 and 1 ed lout, after ards on 
a pension, which was the reward of ! s fldel tj o h s employer 
He was, however, removed from the ne ghbourhood of B mmgham 
to be safe from .the threatened resentment of other members of 
the same lawless gang which had been so largely decimated ; and 
80 strictly was his incognito obliged to be preserved, that we 
have heard that his place of concealment was not communicated 
even to his wife : — a strong measure of domestic economy to 
which he must of course have been a consenting- party. For three 
nights previously, the robbers had tried keys and examined the 
premises, "which, by our wise law," says Mr. Watt, "is no fel- 
ony ; and, had we apprehended them, they would soon have been 
let loose upon the public, and we could not have rested in safety. 
We were, therefore, obliged to let them commit the robbery ; and, 
on their coming out, fel! upon them with guns, pistols, bayonets, 
and cutlasses. • * Our young men were commanders-in-chie^ 
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and laid their plans very well ; but one of our guards came not 
Eoon enough to tLeir station, by which the escape took place, 
though by a way deemed impracticable." Four of the thieves 
were taken. The fifthmember of the marauding party was, as we 
learn from the proclamation, of reward issued at the tun U 

from another part of Mr, Watt's letter just quoted na n d th 
"Little Devil," and had come from Manchester exp Ij t j 
what we may call the shooting'-party ; he broke h m and 
otherwise badly wounded and bleedingfrom his fall b t 1th gh 
some slugs had passed through his hat, he was un j d by h t 
He was not apprehended for four or five months afterwards. All 
the five prisoners were tried at the next assizes at Stafford, and 
the four first secured were sentenced to death ; "the Little Devil" 
was sentenced to be transported for seven jears, possibly from 
having borne no active part in the murderous affray, and also, 
perhaps, in consideration of the suffering he had alrcadj under- 
gone. In regard to the others, a point of law, as to how far the 
plate manufactory, which was within Mr Eoulton's grounds at 
Soho, but of course apart from his residence, came within the defi- 
nition of a dwelling-house, and consequently, how far the offence 
committed was or was not a burglary, was reserved for the opin- 
ion of all the Judges ; and we rather believe that the capital sen- 
tence was ultimately not carried out on any of the culprits. 

"We need scarcely observe, that durmg the last half-centnry 
the Soho works have been one of the principal sources,— {for a 
great portion of the time, indeed, ihe principal source,) — of that 
vast supply of steam-power which the inventions of Watt have 
enabled this and other countries to obtain. At the public meet- 
ing in London on the ISth of June, 1824, at which a monument 
to Mr. Watt in Westminster Abbey was voted, the amount of 
power which had been thus created at Soho was stated by the late 
Mr. Eoulton to be, in round numbers, eqivalent to that of one 
hundred thousand horses ; and since that time, up to 185i, an 
addition of nearly two-thirds of that amount had been made; 
giving a total sum of power equivalent to that of about one huu- 
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dred and seventy thousand horses- We subjoin a return of the 
particulars, prepared from the most authentic records ; and as up- 
wards of seven hundred men have been kept in full employment 
at the great establishment to whidi we refer, there seems no 
reason to apprehend any diminution in the future extent of its 
usefulness and prosperity. 

" Memorakoum — Sono Foukdke, 16 Mareli, 1854. 
" The number and power of the engines nmda by Mesara. Boulton, Watt, 
and Co., to the dale January, 182i, were thus reckoned by Ihe late Mr. Boulton 
and Mr, Creighion, (one of Lis assistiinls at Soiio) ; — 



S83 for pumping and blowing . 11,247 x 4 — 44,i)a8 

803 rotttlive 13,ei8 x 3 — . 87,854 

76 boat engines 3,080 x S — 6,240 

1,164 2S,!14fl 89,083 

"And between Jannary, 1824, and January, 1854, the numbers are 

S4 for pumping and blowing . 2,403 k 4 — 0,613 

441 2. 1,2 J 8 78,337 
" Giving the following total numbers ; — 

1,164 25,945 89,083 

441 25,218 78,237 



1,B( 



51,223 



■7,31 B 



laye been made for Bedworth in 1770." 

f th se of our readers who are not 
an f th difference between the nominal 
at m J h ailed the real or effective horae- 
t m y b mentioned, that an engine of a 
Q nal h power can, during a certain time, 
IX h u s, lo the same amount of work aa 
k nmal if horses in the same time. But 
it can d m than th f a living horse can, on an average, 
work effectively, day after day, only for ahout six hours oat of 
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the twenty-four, whereas the steam-engine can work for all the 
twenty-fonr hours. In order to ascertain the namber of living 
horses, and therefore the real horse-power that would he required 
to do the same amount of work that is done by an engine of a 
given number of nominal horse-power, the nominal 1 
must be multiplied by four. 

This, accordingly, is done in calculations of the i 
■ power of pumping and blowing engines, where the application of 
the steam-power is dii-ecC. But in rotative engines, whether on 
land or for boats, there is estimated to be a loss of power in the 
action fay the crank, &c., as compared with.the direct application 
in the other case, which is allowed for by multiplying the nominal 
power only by three. 

For the same reason, doubtless, it is that the horse-power in 
pumping and blowing-engines has always been calculated with an 
effective pressure of 9J- lbs. on each square inch of the piston, 
while in rotative engines it is only taken at a reduced effective 
pressure of 7 lbs. ; these numbers being to each other in the same 
proportion as four to three, or 3 ; 4 : : 7 : 9^. We are informed, 
on excellent authority, that " this mode of calculation is that 
which was adopted by t/ie original Watt, and is still followed at 
the Soho works." 

The continued success of the Soho steam-engine works, and 
the high character of all their manufactures, were unquestionably 
owing not only to the commanding talents of those who presided 
over them, but also to the abilities of various excellent assistants: 
such as were Southern, the two Creightons, P. Ewart, and Law- 
son, all of whom, in various responsible capacities, rendered 
energetic and valuable service.* But the foremost place in that 

* We may eoy tho same of Messrs. Gilbert Hamilton and Jamea Brown, to 
each of whom, in acknowledgment of their great and long-tried skill in conduct- 
ing that extensive business, the late Mr. Watt, of Aston Hall, bequeathed a cou- 
aidernble share in the capital stock of the present copartoeJship of James Watt 
and Co. He no doubt felt satisfied that he could not take a more effectual meth- 
od of insoring prosperity to the great manufacturing associatibo, the interests of 
which he bad so much at heart. 
14» 
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honourable rank we must assign to William Murdock, for up- 
wards of half a century Mr. Watt's most able, faithful, and 
esteemed assistant ; who, both in his intellectual endowments, 
and in the manly independence of his mind, possessed no incon- 
siderable resemblance to his revered master and friend. 

- Bom in 1754, at Bellow Mill near Old Cumnock in Ayrshire, 
Mr. Murdock early manifested the most decided predilection for 
mechanical pursuits ; and after qualifying himself for their prose- 
cution chiefly by his own unaided industry, he offered himself to 
Messrs. Boulton and Watt in 1776, or 1777, and was at once 
employed by them at Soho in superintending the construction 
and erection of their engines. He was soon sent into Cornwall 
as the agent of the firm, where, after vigorously contending with 
many difiiculties, he ultimately succeeded in giving great satisfac- 
tion to the mining interest, as well as to bis own masters; and he 
■was afterwards employed for nearly twenty years at Soho foundry. 
M. Charles Dupin, in an interesting account which he has 
published* of the great meeting in 1824, for the purpose of voting 
a monument to Watt in Westminster Abbey, — says; — "Ttere 
was to be remarked among tJie spectators a venerable old man, 
whose intrepid services I could have wished had also been rewarded 
by some flattering marks of public gratitude. Mr. Murdock 
directed the application of the new steam-engines, to drain the 
water of the Cornish mines. In order to adapt that moving 
power to exhausting-pumps, and to establish the system in mines 
of extreme depth, inundated by appalling quantities of water, 
great skill in practical mechanics was requisite. Mr. Murdock 
showed that he was full of all the resources of genius, and the 
wisdom of experience, so as to triumph over every difficulty. 
Scarcely had those obstacles been surmounted, than the proprie- 
tors of the mines sought to deprive Messrs. Watt and Boulton of 
the benefit of the agreement into which they had mutually en- 
tered. But the incorruptible Murdock showed himself insensible 
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to every temptaf ion ; he long withstood aSl menaces, and retired 
only TV hen he saw the cupidity of the men whose frauds he 
defeated, thieateninij to destroy him in the mines by throwing 
him down their pits." Of this last anecdote of M. Dupin we have 
heard, from the late Mr. Watt, another version, which is somewhat 
different, and, for many reasons, more likely to be correct; — viz., 
that some of the "captains" of the Cornish mines, on occasion 
of A meeting of several of their number with Murdock oa busi- 
ness connected with the engines, having attempted to hulli/ him, 
he quietly locked the door of the room in which they were assem- 
bled, stripped, and, making a dexterous use of thuse arms with 
which nature had supplied him, administered to more than one 
of their number a Jesson of persuasive efficacy, such as they would 
never forget, and such as he was never called on to repeat. He 
was, in truth, of Herculean proportions, and in muscular power 
nearly unrivalled. 

M. Dupin adds, that he could have wished to have seen Watt, 
who was so pre-eminent in the art of discovering and attract- 
ing to himself men endowed with rare talent, recompensing 
the skill, the energy, and the integrity of Mr. Murdock, hy 
assuming him as a partner along with Mr. Boulton, in their grand 
and rich enterprise. But here also we have it in our power to 
dispel the anxiety which M. Dupin thus again, — perhaps some- 
what needlessly, — felt it incumbent on him to manifest on behalf 
of Mr. Murdock. For although never formally assumed as a 
partner in the Soho concern, and, therefore, remaining always 
exempt from, all chanco of loss in case of that business at 
any time failing of success, he always received a liberal income 
from his employers ; and from 1810 to 1830, he was placed on 
the footing n/ apartner, without having to advance a shilling of 
capital to the partnership funds, without the risk of incurring any 
liability, and with a fixed salary of 1000^. per annum, assigned 
to him in lieu of a share of the fluctuating profits. From 1830, 
he lived in peaceful retirement in the neighbourhood of those 
works to which his energies had been succesefnlly devoted, until 
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his death, which occurred in 1839. His remains are deposited 
in Handaworth church, near those of Mr. Boulton and Mr. Watt ; 
where " a bust by Chantrey serves to perpetuate the rememhrance 
of his manly anil intelligent features," and of the mind of which 
they were a pleasing index. There is also a flne portrait of 
Mr. Murdock in the hall of the Eoyal Society of Edmbm'gh, of 
which he was a Fellow. 

On the subject of the economical employment of gas-light from 
coal, his systematic esperiments commenced in 1792. For hia 
paper on that subject presented to the Eoyal Society in 1808, 
which was read by Sir Joseph Banks, and printed in the 'Philo- 
sophical Transactions ' for that year, (pp. 124-132,) he received 
the large Eiunford gold medal ; and he will ever be known as the 
true inventor of the beautiful system of lighting by gas. " Tlie 
original inventor of this application of the gases," aays Mr, 
Watt in 1809, " is Mr. William Murdock, a most ingenious man, 
DOW at Soho here, under whose directions several very large 
manufactories have been lighted, at Manchester and elsewhere, 
by Boulton, Watt, and Company. Mr. M.'s invention is of 
fifteen or twenty years standing. I 't mj.1 1 t S h ' 

the fireworks for the celebration of fh 1 t p Wh 1 Mr 

Mordock's improvements on this Iject j Mr 

Watt happening to hear a lady e p I t f th t 

duction of water by pipes into all th d Dm 1 fig 

city, remarked that he Loped it Id t b ! b f h 
would see flro and light introduc d th m p 

diction which then sounded Strang h d y t 1 1 lly 

fulfilled. But that is by no mean th ly f 1 1 y w th 

which Mr. Murdoch's name is associated. He secured by patent, 
ia 1799^ "certain uew methods of constructing steam-engines;" 
and, in 1810, "an inaproved method for boring pipes, cylinders, 
and circular disks, out of solid blocks and slabs of stone of any 
kind or description." In 1809 he made known, (not securing it 
by a patent,) a new method of refining porter, &c., without the 
aid of isiaglass, then, as now, a most expensive material ; and 
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for this lie received a substantial and handsome reward from the 
brewers of the metropolis. The working-model of tte steam- 
carriage of 1784* shows how aptly he carried out the designs 
contained in the speciiications of Mr. Watt : and the oscillating 
cylinder! is only one of ^cry numt-rous and Faluable suggestions 
with which he enriched the Soho machinery. 

Although the commencement of the new era in the history of 
Soho found Mr. Watt already past what is commonly called the 
grand climacteric uf man's life, he happily long lived to witness 
the continued stability and immense progressive increase of his 
business, in the hands of those dear to himself His health had 
never, from his chiidliood, been robust; and it still was variable; 
but it had strengthened as his age advanced, and had never, 
j)erhaps, been worse than what one of his engineering friends 
called "a sort of counterpoise to prosperity, succes=i, or happi- 
ness, — or, to speak more in our ovm way, a kind of fly-wheels to 
the machinery;"* the fatigue of those very exerttons which his 
laboTOus life bad rendered compulsory seeming to have fortified 
rather than to have enfeebled his frame. His spirits also became 
naturally more eq^uable, as the principal causes of hfe anxiety and 
occasional depression were removed ; and, while he was destined 
to be one of those "so strong that they come to fourscore years," 
his strength even then, as it could scarcely be termed " labour," 
was certainly very far from "sorrow." The period, indeed, 
which commenced with the new century, and brought him a 
release from active business, was a serene an,d golden time ; in 
which, peacefully reposing from the honourable toil of his earlier 
days, he found a calm and constant satisfaction in their retrospect; 
and those hours of happy leisure were no less delightful to him- 
seK than instructive to the " troops of friends " who, in common 
with all that can add dignity or cheerfulness to old age, were 
gathered around him. 

* Sea the ' Mechooical InveDtiona of Watt,' toI. iii. plate XXIX.: and p. 
i50, iii/ra. 

i Ibid, plate XXXIV. t Mr. Telford to Mr. Watl, 17 December, 180L 
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A wide range of subjects of a scientific and useful nature 
continued to attract the notice of his inquiring mind. Among 
other pursuits, he had been induced, by the sorrow he experienced 
in losmg his daughter, who died of consumption at an early age, 
"to step," as he expressed it, "over the bounds of his pi-ofession," 
and to communicate to Dr. Beddoes the ideas he entertained on 
the employment of '' pneumatic medicines." It appeared to him 
that if poisons could be carried into the system of the lungs, 
remedies might be thrown in by the &ame channel; and that, 
although there seemed to be objections to the introduction, in 
that way, of powders, such as of Peruvian bark, &c., however 
finely they might he mechamcal/i/ divided, yet that if the virtues 
of such substances could be obtained by solution or suspension in 
air of some species, they might have their full effect wlien inhaled 
and respired. With the view of aiding medical practitioners, 
as well as private patients, in their experiments and researches 
on this subject, he contrived a convenient apparatus for the prep- 
aration and inhalation of the various airs, which was extensively 
manufactured for sale at Soho. He also in many ways greatly 
aided Dr. Beddoes in his establishment of the Pneumatic Insti- 
tution at Clifton, near Bristol : an establishment famous for having 
early profited by the services, and developed the chemical talents, 
of Humphry Davy. The system from which Beddoes hoped so 
much, although it has never yet realised his large expectations, 
seemed at first to produce some remarkable results ; and it is 
impossible to despise the importance of facts, or to overlook the 
ingenuity of deductions which were contributed by men such as 
Beddoes, Jenner, Edgeworth, Hutaphry Davy, and Watt, and 
which led all of them to expect effects of an extensively sanative 
and beneficial character,* 

It was always a favourite wish of Mr. Watt's heart to promote 
the attainment by others of that spirit of industrious research 

• See the • Cocslderationa on 
of obtttining them in large Quan 
IJBhed at Briatol in 1734, 1795, ai 
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and invention by which he had himself been so entirely governed ; 
and the following is a letter by which he founded, in 1808, a 
prize in Glasgow College, as some acknowledgment on bis part 
of "the many favours" that learned body had conferred upon 
him, and of his sense of the importance of promoting the special 
study of the sciences of natural philosophy and cheiaiBtry, It is 
addressed to the Kev. Dr. William Taylor, tte Principal. 

"Heathficld, Birminghaiii, June 3rd, 1808. 

" Eeverend Sir, — I take the liberty of requesting you, in 
your official capacity, to communicate the following proposition to 
the Faculty of your University, and, on my part, to request their 
fevourable acceptance of it. 

" Entertaining a due sense of the many favours conferred 
upon me by the University of Gliagow, I ■nish to leave them 
some memorial of mv gratitude, and, it the "Jame time, to e:ccite 
a spirit of inquire ind exertion among the students of Natural 
Philosophy and Chemistry ittemimg the College which appears 
to me the more useful, as the lerj existence of Britain, as a na- 
tion, seems to me, in great measure, to depend upon her exertions 
in science and in the arts. I therefore propose to settle 300?. 
upon tlie College, in Trust, to be laid out at the best interest, 
upon landed security, 10/. of which to be given annually as a 
premium for the best essay on some subject in one of the branches 
of Natural Philosophy hereinafter mentioned, which shall be 
appointed by a majority of the Principal, Professors, and Lec- 
turers of the University, and which shall be composed by any 
ariual Student of the University who shall have gone through a 
regular course of Languages and Philosophy, either at Glasgow 
ur in any other Scottish University. The prize to be adjudged by 
the majority above mentioned, in cor^nction with'Gilbert Ham- 
ilton, Esq., my brother-in-law, so long as he shall live ; and [it] 
shall be subjected to the same rules and regulations, as to the 
time and manner of giving it in, as the other prize-essays appointed 
by the University. If in any year no essay shall be judged worthy 
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of tte prize, the same subject sliall be re-appointed for the follow- 
ing year, and the premium reserved for it, to be adjudged at the 
same time with the premium for such other subject as shall he 
regularly appointed for such year; and if then no adequate essay 
shall appear the said premium to be added to the principal sum. 

"Ikn WE twh th r the interest will be subject to the propetty- 
tax ; b t m any the surplus, whatever it may be, after pay- 

ing the 1 m un ad 10s. Cd. to the clerk of the meeting, is to 
be add d t th p pal annuity ; until it shall accumulate so 
that th mt t hall be able to afford two premiums on two 
subjects, to be appointed as aforesaid. 

"I had at first intended ttat the subjects for the prize-essay 
should be taken from any branch of Natural Philosophy or 
Chemistry ; and now think it proper to restrict them to the follow- 
ing branches, and in the following rotation : — 

"First Year, to any branch of Mechanics, or its dcpendeat 
Arts. 

" Second Year, to Statics, and the Machines and Arts de- 



" Third Year, to Pneumatics, Statical or Chemical Machines 
and Arts. 

" Fourth Year, to Hydraulics, Hydrostatics, their Machines 
and Arts. 

"Fifth Year, to Chemistry, its Arts and Apparatus. 

"The Sixth Year, the rotation to begin with Mechanics, as 
before, and so on by five years' rotations, 

"I should request a copy of the successful essay to be sent 
me annually, and, after my decease, to my male representative ; 
and I request that no public mention may be made of this dona- 
tion, by paragraphs in the newspapers, or otherwise, until a prize 
come to be adjudged ; [I] i|ot being, as far as I know, actuated 
by vanity, hut by a desire to stimulate others to do as I have 
done. 

"I reserve to myself, at anytime during my life, by any 
writing under my hand, to change either the rotation or the sub- 
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jects of tiie essays, aa well aa the other regulations concerning 

"Should what I now propose meet the approbation of the 
Faculty, I shall immediately direct a proper deed to be drawn, 
and the money to be paid to their order. 

" Eequesting you, Sir, to accept my most respectful compli- 
ments, and to present them to all the other members of the Fac- 
ulty, I have the honor to remain, Reverend Sir, your most 
obliged, and most obedient humble servant, James Watt." 

Some years later, also, (in ISlC,) he made a donation to the 
town of Greenoek, for tlie purpose of purchasing scientific books 
for the use of the matiiematical school of the place, under the 
care and guardianship of the magistrates and town-council: his 
intention being "to form the beginning of a scientific library for 
the instruction of the youth of Greenock, in the liope of prompt- 
ing others to add to it, axtd of rendering his townsmen as eminent 
for their knowledge as they are for their spirit of enterprise." 
This design carried out (as he wished) by his townsmen, with the 
munificent aid of his son, the late Mr. James Watt, has been at 
last completed; and a large and handsome building, containing 
the library and a beautiful memorial statue of its founder, by 
Chantrey, is now a principal ornament of that busy and prosper- 
ous seaport, which boasts that James Watt w^as born in her. 

Nor, amid such donations, given as aids to the promotion of 
sound and useful learning, were others wanting on his part, siicb 
as true religion prescribes, to console tbe poor and relieve the 
sufi'ering. But those his benefactions, which were also secret, 
being usually accompanied at the time by an injunction not to 
make known the name of the donor, we shall not here seek 
fartJier to disclose ; preferring to dwell on the comfortable truth, 
that " there be some persons that iviO not receive a reward for 
that for wliich God accounts Himself a debtor : persons that dare 
trust God with their charity, and without a witness." * 

* Izttak Wallou, ' Life of Dr. John Donne/ p. 54, ed. Oxford, 182*. 
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A SUBJECT whicli naturally excited a deep, and, indeed, at one 
time, ratter an anxious interest in the breast of the great 
engineer, when resting in his latter days from the severer labours 
of hia life, was that of Bteani-navigation. With every confidence 
in the probable success of such a system, he seems never ia any 
very especial manner to have directed the force of his own mind 
to the details requisite for carrying it out ; a circumstance which 
is quite explained by the constant demands on his time and 
attention made by other branches of the steam-engine business, 
BO long as he continued to be actively engaged in its prosecution. 
Tile mere use of paddle-wheels, "remi rotatiles," or "ramea 
toumantes," moved by animal force, for the progression of boats, 
_ appears to have been of considerable antiquity. Not to carry our 
inquiries further back, they have been fully described by Val- 
turiuB, in his great work on the ' Science of War,' in 1472 ; by 
William Bourne, in 1578 ; by Denis Papiu, (as having been seen 
by him ia use in England, probably in 1682,) in 1690; by 
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Savery, in 1698 ; by Du Qnet, in 1702 and 1735 ; by the Comte 
de Saxe, in 1732, &c. Papin, also, in 1690, unquestionably 
auggeated th.e employment of t/ie atmosphere as a power, with a 
vacuum formed by the condensation, of steam beneath a piston in 
a. cylinder, the power being communicated by toothed and paddle- 
wheek " ad naves adverso vento provehendas." Since the days 
of Papin, indeed, the experience of a century and a half has fully 
enabled us to judge how great was l!ie distance between the im- 
perfect conception of a prcgect, such as he suggested in the pas- 
sage quoted above, aBd its successful consumiaatioii. 

It still, curiously enough, leinains uncertain whether Jonathan 
Hulls carried into effect the more elaborate invention for which 
he obtained a patent in 1736, and which he set fortli in his 
celebrated pamphlet entitlud 'A Description and Draught of a 
new-invented Macliine for carrying Vessels or Ships out of or 
into any Harbour, Fort, or Eiver, against Wind and Tide, or in 
a Calm ; ' London, 1737. But he has, at least, minutely de- 
scribed the introduction of a Newcomen'a engine into a large 
boat or barge to be employed as a tug, and has delineated such a 
vessel, fitted with fan (or paddle) wheels, towiug a ship of ivar of 
upwards of thirty guns. 

After the date of Mr. Watt's patent of 17G9, (the great pivot 
on which all real advancement in the steam-maehinery of modem 
times has turned,) it is said that, in the United States, Mr. 
Ellicot, in 1775, and T. Paine, (less favourably known by his 
writings,) in 1778, suggested the use of steam for propelling 
boats ; as the Abbe Arnal did in France in 1781, for inland 
navigation ; while in 1782 the Marquis Jouffroy built a steam- 
boat, which was tried on the Sa6nc, but did not succeed. In 
1783, Mr. James Kumsey of Virginia and Mr. John Fitch of 
Philadelphia both proposed methods of propelling boats, the one 
by a current of water forced out at the stern, and the other by 
paddles, but not in the form of wheels. It is said that Mr. Fitch 
constructed a st«am-boat which was navigated between Borden- 
town and Philadelphia, but was soon laid aside. 
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In 178T, Mr. Miller of Dalswinton published a description, 
with engravings, of a triple vessel, propelled by paddle-wheels, 
turned by means of cranks, intended to be worked by men ; 
adding, "I have also reason to believe that the power o£ Uie 
steam-engine may be applied to work the wheels, so as to give 
them a quicker motion, and, consequently, to increase that of the 
ship." In 1788, Mr. Miller employed Mr. William Symington, 
of Wanlockhead, in Dnm&iea-shire, along with Mr. James Tay- 
lor, to superintend the construction of a small steam-engine in a 
pleasure-boat on Dalswinton Loch. This succeeding well, in- 
duced him to employ Mr. Symington to construct a larger steam- 
engine at Carron, for one of Mr, MiUer's boats on the Forth and 
Clyde Canal, which was tried in 1789, and a speed of about 
seven mles an hour itta' el but f om otl er oljections, (chiefly 
to the want of s lid t> n the math nerj ) f m Mr Miller's want 
of confiden e n Is ult mate su cess and his attention being 
diverted to other f u su ts the boat vas soon afterwards dis- 
mantled and the engme re novel fr m t It 1 as been lately 
stated that about the year 1 8 Mes rs Furnau and Ashton 
made experiments m steam-navigation on the river at Hull, which 
ended in their building a boat which for some time plied between 
Beverley and Hull, and another of a larger size, which was 
bought by the Prince of Wales, afterwards George IV,, and 
fitted up as a pleasure yacht. The latter vessel is said to have 
been burned; what became of the former is not stated. 

From January, 1801, till April, 1803, Mr. Symington was 
employed by Lord Duudas to make a series of experiments on 
steam-boats, with the view of their being used on the Forth and 
Clyde Canal; and the towing- vessel, the "Charlotte Dundas," 
which he then constructed, appears to have been entirely success- 
ful, in so far ag regarded moderate power and speed. The use 
of this vessel, however, on the canal was discontinued in. con- 
sequence of the injury which it was apprehended the washing of 
the waves in its wake might do to the banks ; and although the 
puke of Bridgewater was so satisfied of the advajitages of the 



dbyGoot^le 



STMINOTON FULTON. 333 

inyention as to have given Mr. Symington ao order to bnild eight 
Bimilar boats, to be used on his canil, yet the hopes oi the enter- 
prising inventor were de&fmed to be crushed jast at the very 
"moment of projection;" for "the '.imo day that he was in- 
formed by-Iiord Dundaa of fho final leterminitun of the Com- 
mittee not to allow steam-boats to be employed on the canal, he 
received intelligence of tlie death of the Duke of Bi id^e water." * 
In 1801, Symington's steamboat was visited, minutely in- 
spected, and tried, by Eol ert Pulton, a natno of Pennsylvania, 
(the son of an emigrant from Dumfries shiro ) wlio, as an en- 
gineer, — not merely an amateur, — devoted much time and atten- 
tion to the subject of steam-navigation. And early in 1802, he 
being then resident in Paris, and in full communication with Mr. 
Livingstone, the envoy from the United States to France, who 
appears to have been attached to similar pursuits, he addressed a 
letter to Mr. James Watt, jun., in which he inquired the price 
and other particulars of a small engine of five horse-power. In 
a letter ivritten a week later, he made inquiries as to the employ- 
ment o( high degrees of heat in small engines, and the limit to 
whioli it 'might be carried, in order to render them light and 
compact, — for this, with his views, was necessarily a cardinal 
point, — and then he went on to say, "The object of my investi- 
gation is to find whether it is possible to apply th ng n to 
working boats up our long rivers in America. The p rs n ho 
have made sach attempts have commenced by what th y all d 
improving Watt's engine, but without having an d a f tl 
physics which lay hid in it from common observers but 1 
improvements have appeared to me like t!ie improvem nt f the 
preceptor of Alcibiades, who corrected Homer for tlie use of hia 
scholars. Their iil success, and their never having found a good 
mode of taking a purchase on the water, are the reasons why 
they have all failed. Having, during the course of my experi- 
ments on submersive navigation, found an excellent mode of 
taking a purcliase on the water, I wish to apply the engine to the 

* Woodoroft 'On Stenm Kavigiition,' 1S18, p. 55. 
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movement. The only thing which is wanting is to arrange the 
engine as light and compact as possible," &c. And, in the post- 
script of hie letter, he proposes for Mr. Watt's consideration some 
schemes of engines suggested by Mr. Livingstone: schemes on 
■which we do not find that any opinion was then expressed, but 
which appear not to Lave been very clearly explained, and which, 
in so far as their construction was intelligible, did not promise to 
he very effective. 

On the Gth of August, 1803, Mr. Fulton ordered his first 
engine from Soho, repeating the application in person in 1804. 
The diameter of the cylinder was 2i inches, with a stroke of 
four feet, being about nineteen horse-power. •' The principal 
parts of the engine were made and forwarded early in 1805 ; the 
planning and execution o£ the subordinate parts, as well as of the 
connecting and paddle machinery, having been undertaken by 
Mr. Fulton himself. He buUt a vessel from his designs at New 
York, called the 'Clermont,'* and having erected the machinery 
on board of het, the first trial was made in the spring of 1807, 
and was eminently successful; and this vessel was soon after 
established as a regular steam-packet between New York and 
Albany."t 

Within six years from the first trial-trip of the "Clermont," 
six steam-vessels had been built for Mr. Fulton, and were in 
constant and successful use in America for the conveyance of 
passengers. 

"It is a Mr. Fulton," writes Mr. Watt to Dr. Townsend of 
Bath,| "who has constructed the steam-boats in America: two 
of the engines liave been made by Botilton, Watt, and Company, 
but the machinery has been made entirely in America, under his 
own direction.- The following is his account of his boat, (i 

* From a residence of Mr. Livingstone's on the Hudson river, obout 
fluids of the waj from New York to Albany. 

t The distance between New York and Albany lias, wa believe, been ascar. 
iajned by a recent survey to be 125 geographical miles. 

t April 13th, 1813. 
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16th, 1810:) — 'The first engine thus in use was 24-inch cylinder, 
4-feet stroke, which drove a boat 166 feet long and 18 feet wide, 
drawing 2^ feet of water, at the rate of 5 miles an hour on the 
Hudson river; tliat is, taking the tide for and against the boat, 
the average velocity is 5 miles an hour.' The boats go regularly 
between New York and Albany, distant 160 miles, and he is 
forming similar establishments on other rivers, and has had a 
second engine of 28-inch cylinder, 4-fect stroke; and one of the 
latter size has been made to navigate a boat between Montreal 
and Quebec. 

" I am informed by a friend who has seen the steam-boat, that 
the engine and boilers occupy about one-third of the Jength of 
■ the boat, and that the engine operates by communicating motion 
to a water-wheel on each side of the boat, which he said were 
about 6 feet diameter, and 3 feet wide in the sole; but I think 
they must be of a larger diameter. 

" YoTi will readily see that a machine of this kind could not 
pass bridges and locks, which all our navigations are full of; 
but might navigate in the tide-way of the Thames or Severn, or 
other rivers clear of bridges, &c., and sufficiently wide. 

"Peter Jliller, Esq., of Dalswinton, in Scotland, tried many 
experiments, ten or more years ago, with a boat of this construc- 
tion, and might have succeeded if he bad had a better engineer. 
He is now a verg old man. On the whole, as far as it is at present 
known to me, I think it would not answer the purpose you want, 
I believe Mr. Eennie is engineer to your canal: nobody is more 
able to advise you on this head." 

In 1811, Mr. Henry Bell, a citizen of Glasgow, who, since 
1800, had repeatedly urged the subject of steam-propulsion on the 
attention of the British government, and- had also aided Fulton 
with drawings of machinery, &c., t«ok the decided and enter- 
prising step of himseli' trying in Scotland, at his own risk and 
under his sole direction, an experiment similar to that which had 
succeeded so well in America- He bad a boat, called from tie 
great heavenly body of that kind which made its appearance in 
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that year, the "Comef," bnilt at Port Glasgow, in the yard of 
Messrs. J. & C- Wood, which, propelled by a steam-engine of his 
own construction, was finished hy the end of 1811. It phed on 
the Clyde, between Glasgnw and Greenock, early in 1812 ; and 
thus became the forerunner of that system of practical steam- 
navigation which has since so widely extended itself in this 
country. The "Comet" was forty feet in length, of twenty-five 
tons measurement, and four-horse power ; but other vessels soon 
followed of somewhat greater dimensions, fitted with engines of 
proportionally greater powers ; — the largest, built in 1813, of 
which wo are aware, being tie "Glasgow," of 74 tons and 16 
horse-power, — in 1814 the "Morning Star," of 100 tons and 
26 horse-power, — and in 1815, the "Caledonia," of 102 tons and 
32 horse-power. In that year, two stcara-vessela went from the 
Clyde to the Thames ; one by the Forth and Clyde Canal to 
Leitb, and thence by the east coast ; and the other by the west 
coast and round the Land's End ■ — these being, bo far as we 
knon the h st altempts at steam navigation made in the open 

' Dimng h s la t s t to Greenock in 1816," says Mr. Wil- 
liamson Mr "^att n c mpanj w th his friend Mr. WaJkin- 
shaw — bra the antbor some years afterwards heard relate the 
circum tance — madeavovage nasteam-boatasfarasEothsayand 
back to Greenoik — an exc rs on ■wb ch, in those days, occupied 
the greater port on of a wh le lay Mr. Watt entered into con- 
versat n th th cn„nneer of the 1 oat, pointing out to him the 
method of back n th eng ne With a foot-rule he demon- 
strate 1 to b m what wa meant Ifot succeeding, however, he at 
last, under the mpul e ol the ml ng j assion, threw off his over- 
coat, and putt ng ha 1 ao I t the engine himself, showed the 
pract cal appl at on of h s le ture Previously to this, the 
'back str ke ot the ate m boat en^Tne was either unknown or 
nut generallv known The [. ■ict e was to stop the engine 
entirely a cons lerable t me beiore the vessel reached the point of 
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mooring, in order to allow for the gradual and natural diminution 
of her speed." " 

In April, 1817, Mr. James Watt, jun., having purchased "the 
" Caledonia," which from defects in her engines tad been little 
used since her launch in 1815, had her machinery taken out, and 
replaced by two new engines of Soho manufacture, of 14 horse- 
power each. In October of that year he went over in her to 
Holland, and ascended the Ehine as far as Cobleatz ; having 
thus beeri the first to leave the British shores and cross the Chan- 
nel by so novel, and, as it waa then esteemed, so hazardous a, 
mode of transit. 

The " Caledonia" having left Margate on the 14th of Octo- 
ber, 1817, arrived off West EapeUe, Walcheren, in ten minutes 
more than twenty-four hours, and come to anchor in the Keeting 
near Vianen three hours later ; having run, under steam, at an 
average speed of 7j knots an hour. In her voyage from Rotter- 
dam to Cologne, by Nimeguen, Emmerick, Wesel, and Dvissel- 
dorf, the time a<;tually occupied under way, with a strong easterly 
wind and current against the vessel during the whole of it, 
and for nine hours only one engine at work, was 48 hours, 52 



On her homeward Toyage from Coblentz, the "Caledonia" 
entered the Scheldt, and visited Antwerp. She was then laid up 
for part of the winter in the harbour of Kotterdam, for repairs and 
alterations. After her return to the Thames in the spring of 
1818, Mr. J. Watt, jun., made no fewer than thirty-one series of 
experiments with her on the river, (the whole number of those 
experiments amounting to two hundred and fifty) ;f which resulted 
in the adoption of many most material improvements in the con- 

• 'Memoriala of Watt,' p. E34. 

+ From a raemorandum made by one of the party present on the ooeasion, 
we find that on the Hth of July in that aurnmer, the "Caledonia" steamed to the 
■ Nore and back— nearly 100 miles— in ten hours; to the great aaloniahment, 
among others, of a French gentleman on board, and tbe delight of Chantrey, the 
sculptor, who was another member of that party of pleasure. 
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struction and adaptation of marine engines, and in an immense, 
tliough gradual extension of that branch of tte manufacture at 
Soho From the particulars already ^ven of the amount of 
steam-power produced at that establishment, it appears that the 
marine engines manufactured there, up to 1854, were in number 
,)1!) , ot 17,438 nominal, or 52,314 real horse-power.* 

The memory of James Watt will now he worthily perpetuated 
in the British navy, by ihe line screw steam man-of-war of that 
name, of 91 guns; which was launched at Pembroke dock -yard in 
1853, and fitted with Soho engines.f 

With regard to another application of steam-power, of kin- 
dred interest and importance, that, viz., to locomotion on land, it 
is .remarkable enough that when Mr. Watt's attention was first 
directed, by his friend Eobison, to the steam-engine, "he (E.) at 
that time threw out an idea of applying the power to the moving 
of wheel-carriages." "But the scheme," adds Mr. Watt, "was 
not matured, and was soon abandoned on his going abroad." J 

It may be here incidentally mentioned that the Abbe Hue, in 
giving an account of the character and career of Father Verhiest, 
a successful Jesuit missionary among the Chinese, who died in 
1688, says; — "It is highly probable, that he anticipated the 
great discovery of modem times, the motive power of steam. In 
his learned work, entitled 'AstrocomiaEuroptea,' there is a curious 
account of some experiments that he made at Pekin, with what 
we may call steam-engines. He placed an feolipile upon a car, 
and directed the steam generated within it upon a wheel to which 
four wings were attached ; the motion thus produced was com- 
municated by gearing to the wheel of the car. The machine 

• See p. 321, (uproi. 

t The engices ia question, ea vre have been iDformed bjone of their makers, 
were originally intended for the " Vulcan," ta esert the power of 700 horses at 
60 strokes per minute; in the "James Walt," owing to the employment of a 
larger size of screw-propeller, they are only to mako SO strokes per minute, and 
Uie estimate of their power willlie reduced to that of 600 horses. In costing the 
Sat brass screw-propeller for H.M.S. the " James Watt," tea tom atul a half of 
metal were employed. 

I Robison, p. lis. 
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continued to move with great velocity as long as the steam lasted ; 
and by means of a kind of helm, it could he turned in various 
directions. An experiment wa'S made with tie same instrument 
appUed to a small ship, and with no less success ; and Father 
Verbiestj after giving an account of these experiments, adds these 
very remarkable words: — 'Data hoc principio motiis, mulia alia 
excoijitari facile est.'' " * 

In August^lTGS, Dr. Small informed Mr. Watt that "Mr. 
Edgeworth, a gentleman of fortune, young and mechanical, and 
indefatigable," had "taken a resolution of moving land and 
water carriages by steam," and had made considerable progress 
for the time he had empbyed himself in that line. "He knows 
nothing," added Dr. Small, "of your peculiar improvements, 
but seems f o be in a fair way of knoiving whatever can be known 
on such subjects."! lii allusion to the same subject. Dr. Small 
wrote to Mr. Watt a month later, " Your very clever friend Mr. 
Kobison and his pupil passed Friday evening mth me to my 
great satisfaction. I told them I hoped soon to travel in a flery 
chariot of your invention."^ Seven months later, "A linen- 
draper at London, one Moore, has taken out a patent for moving 
wheel-carriages by steam. This comes of thy delays. I dare 
say he haa heard of jour inventions. Do come to England with 
all possible speed. At this moment how I could scold you for 
negligencel However, if yon will come hither soon, I will be 
very civil, and buy a steam-chaise of you, and not of Moore. 
And yet it vexes me abominably to see a man of your superior 
genius neglect to avail himself properly of liis great talents."§ 
Mr. Watt, in writing to Dr. Eoebuck of this, says, " Tiiis was a 
thing I hoped to accomplish by the circular engine," ]] [or steam- 
wheeL] And he replies to Small: — "If linen-draper Moore does 

• Bug's ' Ctristianity in China, Tart^ry, and Thibet," vol. iii. 1856. 
t Dr. Small to Mr. Watt, lEth Auguat, 17C3. 

% Dr. Small to Mr. Wott, IStii AprLI, 1769. 
I Mr. Watt to Dr. Roebuck, BSth April, 1765. 
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not use my engine to drira hh chaises, he can't drive them by 
steam. If he iloef, I will stop them. I suppose, by the rapidity 
of his progress and puffing', he is too volatile to be dangerous."— 
'■You want a steam-chaise; pray make one, I give you leave, 
and will also give you advice, — not gratis, however, but for good 
deeds done and to be done." — " Of all things in life, there is 
nothing more foolish than inventing. Here I work five or more 
years contriving an engine, and Mr. Moore hears, of it, is more 
hieilU, gets three patents at once, publishes himself in the news- 
papers, hires 2000 men, sets them to work fur the whole world in 
St. George's FieHs, gets a fortune at once, and prosecutes me for 
using my o« n invention ! " * 

In the seventh "new improvement," however, set forth in 
the specificatioii of his patent of 1784, Mr. Watt described the 
principles and construction of " steam-engines which are applied 
to give motion to wheel- carriages for removing' persons or goods, 
or other matters, from place to place, in which cases," he says, 
"the engines themselves must be portable. Therefore, for the 
sake of lightness, I make the outside of the boiler of wood, or 
of thin metal, strongly secured by hoops, or otherwise, to prevent 
it from bursting by the strength of the steam ; and the fire is 
contained in a vessel of metal within the boiler, and surrounded 
entirely by the water to be heated, except at the apertures destined 
to admit air to the fire, to put in the fuel, and to let out the 
smoke ; which latter two apertures may either be situated opposite 
to one another in the sides of .the boiler, or otherivise, as is found 
convenient ; and the aperture to admit air to the fire may be 
under the boiler. The form of the boiler is not very essential, 
but a cylindric or globular form is best calculated to give strength. 
I use cylindrical stea,m-vessels with pistons, as usual in other 
steam-engines, and I employ the elastic force of steam to give 
motion to these pistons, and after it has performed its office I dis- 
charge it into the atmosphere by a proper regulating valve, or I 

• Mr. Watt to Dr. Small, 23th April, 1769. 
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discharge it iato a condenaing vessel made air-tight and formed 
of thin plates or pipes of metal, liaving their outsides exposed to 
the wind, or to an artiflcia! current of air produced hy a pair of 
bellows, or by some similar machine wrought hy the engine or by 
the motion of the carriage ; which vessel, by cooling and con- 
densing part of the steam, does partly exhaust the steam-vessel, 
and thereby adds to the power of the engine, and also 8erv,es to 
save part of the water of which the steam was composed, and 
which would otherwise be lost. In some cases I apply to this use 
engines with two cylinders which act alternately ; and in other 
cases I apply those engines of my invention which act forcibly 
both in the ascent and descent of their pistons, and by means of 
the rotative motion in figure 20th,* or of any other proper rota- . 
tive motion, I communicate the power of these engines to the axifl 
or axle-tree of one or more of the wheels of the carriage, or to 
another axis connected with the axle-treo of the carriage by 
meana of toothed wheels ; and in order to give more power to the 
engine when had roads or steep ascents require it, I fix upon the 
axle-tree of the carriage two or more toothed wheels of differ- 
ent diameters, which when at liberty can turn round freely on the 
said axle-tree when it is at rest, or remain without turning when it 
is in motion ; but, by means of catches, one of these wheels at a 
time can be so fixed to the axle-tree, that the axle-tree must obey 
the motioo of the toothed wheel, which is so locked to it. And 
upon the primary axis, which is immediately moved by the engine, 
or which communicates the motion of the engine to the axle-tree 
of the carriage, I fix two or more toothed wheels of greater or 
lesser diameters than those on the axle-tree, which are moved by 
them respectively, so that the wheels on these two axles having 
their teeth always engaged in one another, the wheels on the axle 
of the carriage always move with the wheels on the axie of the 
rotative motion, but have no actioa to turn the wheels of the 
carriage except one of them be locked fast to its axle-tree, — then 

* A EuD-aad-placet wheeL 
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t!ie latter receives a motion faster or slower than that of the axle 
of the rotative machiaery, according to the respective diameter of 
the wheels whiclx act upon one another. In other cases, instead 
of the circulating rotative machinery, I employ toothed racks or 
sectora of circles worked with reciprocating motions hy the en- 
gines, and acting upoa ratchet wheels fixed on the asles of the 
carriage. And I steer the carriage, or direct its motion, by 
altering the angle of inclination of its fore and hind wheels to 
one another hy means of a lever or other machine. As carriages 
are of many sizes and variously loaded, the engines must ba 
made powerful in proportion. But to drive a carriage containing 
two persons, will require an engine with a cyhnder seven inches 
in diameter, making sixty strokes per minute of one foot long 
each, and so constructed as to act hoth in the ascent and descent 
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of the piston! and tlie elastic force of the steam in the boiler 
must occasionally be equal to the supporting a pillar of mercury 
thirty inches high." 

Also in 1784, Mr. Murdock made a working mode! of a loco- 
motive ecgine upon the principles so specified by Mr. Watt, which 
performed well, and ia still in existence. With a spirit lamp for 
a furnace, its cylinder attached to the boiler, and its piston-rod 
working a beam that turned the driving wheels by a crank, it 
was placed in the Great Exhibition of 1851,* where it attracted 
much notice. It stood among the "machinery at rest," on the 
colossal marine engines of 700 horse-power, manufactured by 
Messrs. James Watt and Co., -which have since been erected in the 
fine 91 gun screw steam-ship the "James Watt;" and by the 
Bide of that interesting little model was placed another, also of 
diminutive size, of a steam-engine with an oscillating ojlinder, 
invented and constructed by Mr. Murdock in the year 1785. 
The model of the locomotive engine is now in the possession of 
Messrs. James Watt and Co. ; that of the oscillating cylinder 
remains, a valued heirloom, in the family of Mr. Murdook.t 

, In reference to this specification, Mr. Watt writes to Mr. 
Boulton,J "I have given such description of endues for wheel- 
carriages as I could do in the time and space I could allow myself; 
but it is very defective, and can only serve to keep other people 
from similar patents." And ten days later,§ " I wrote to you 
last night, and now sit down to give you some of my ideas on the 
wheel-carriage scheme, and have therefore annexed that article 
of the specification, by which you will see the general idea. 
The engine may either be connected with the rotative motion, by 
a working-beam, or may be placed directly over the secondary axle, 
and work the rotative motion by means of two rods coming down 

• See tbe ' Official Catalogue,' vol, i. p. 211. 

f Both, of these curiosities of the eugiuccriug art ircre, bj the permiasios of 
their respective proprietors, delineated imd engraved for the 'Mechanical Inven- 
tiona of Watt ; ' see vol. iii. plates XXiX. and XXXIV. 

X 15th August, 1T84, 

% BTth August. 1784. 
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on each side of the cylinder from a cross-bar oe the top of tha 
piston-rod, guided perpendicularly by a sliding frame ; but I am 
inclined to prefer a working-beam, wbich in this case may be 
short. I do not know that the organ-pipe condenser will make 
much vacuum but it raav by the Iwlp of Hie bellows, condense, 
and sa m t f th t On th de y have a sketch of 

the two axl nd f th m ans I t lock and unlock the 

wheels wli h onn t th m t th at make the carriage 

go faste o slowe at pi a u o at 1 a t t have more or less 
p w at II. The piece 
(a i) slides m a hollow and 
t 1 1 n xl f th a 
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and b al a} lis n a d 
from one wheel before it id locked to the other. As to the size 
of the cylinder, boiler, Ac, I calculate that, suppose the power 
necessary to move a post-chaise on a plain to be 80 lbs. weight, 
and the chaise to move at the rate of 4 miles per hour, or 6 feet 
per second, let tlie moving-wheel be 4 feet diameter, then it will 
make 1 revolution in 2 seconds, and if the engine makes 60 
strokes per minute, it will make one revolution for 2 strokes; but 
as the rotative motion, will make 2 revolutions per stroke, it will 
make 4 revohtiona for each turn of the wheel of the carriage, and 
80 lbs. X 6 feet = 480 lbs. 1 foot high per second, and supposing 
the stroke of the engine 1 foot long, 480 -5- 2 must be its power 
= 240 = 6 lbs. on inch to a 7-inch cylinder ; but as going up 
hills it will require a power of 400 lbs. to drag the chaise up, the 
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power in these cases must be increased 5 times, that is, the axle 
of the carriage must make only 1 turn for 20 turns of the rota- 
tive axle, and will then move only 12 feet io 10 seconds ; but this 
inconvenience may be something lessened by letting the steam 
get stronger at such times. 

"A cylinder of 7 inches diameter and 12-inch stroke will 
take something more than ^ a foot of steam per double-stroke, 
supposing it to le workin^, with a condenser; consequently it 
would take 30 cul c feet of steam per minute = 1800 feet of 
steam jer hour whicB suipo^mg it to be equal to 1 cubic foot 
of water would require a boiler of S feet surface exposed to 
the fire to make an> tolerable performance in respect of fuel ; 
bnt IS we can dej en I oo. t\o aid from condensation, we must 
suppose this steam to be at lea'it li times as dense as the 
common stetm therefore there must be » surface of 12 feet 
expose 1 tj tie fire if not more let iib leave the form of the 
boiler out of the tibe at present The surface of 12 square feet 
which we siijpose to be eiposel to the hre, must be covered with 
a shell of water of some thieknesi which, upon the average, I 
BbalJ suppose to be 6 inches thick which will make the whole 
quantit} of water necessary = G cubii, feet, supposing no maga- 
zme of water fo be carried As we m ist suppose the copper of 
the boiler which is to stand such violent steam to be at least \ 
inch thick, it will weigh at least ten lbs- per square foot ; we have 
then 120 lbs. for the inside part of the boiler ; and as there must 
be steam-room, and the outside case of the boiler mitst be 1 foot 
wider than the inside, supposing the inside oblong 1 foot wide, 3 
feet long, and 18 inches high, then the outside must be 4 feet 
long, 2 feet wide, and 2J feet deep, which would have 35 feet 
surface, which at 10 lbs. would weigh 360 lbs. The boiler, then, 
with the included water, would weigh 830 lbs., without any 
allowance for a grate or wooden case ; hut, in relation to the latter, 
the copper might be made so much thinner as to allow for it, and 
perhaps some means may be hit upon to make the boiler cylin- 
drical, with a number of tubes passing through, like the orgon- 
15' 
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pipe condenser, whereby it might be thinner and lighter ; but I 
fear this would be too subject to accidents. Let ua suppose, 
however, that it could he reduced to 3O0 lbs. weight, which, with 
the water, would make 660 lbs. 



"A post-ohaiso weighs about . 

" The builer acd mater would weigh , 

"The engine and wheels, say about 

"The fly, 3 feet diameter, containing the power of c 

of the engine ..... 
"The organ-pipe condenser and bellows, say . 
"Three persons, including the driver . 

"Their luggage 

"Coals for four hours, at 15 lbs. per hour 

"And if the organ -pipe condenser ia not found su 



" And then, if the machinery cannot be made lighter than has 
been stated, the power will, I am afraid, prove insufficient, and a 
further augmentation of the boder, &c., raust take place. If 
there were no friction, the power of 80 lbs. would be sufficient to 
draw the carriage up an ascent of 1 in Sfi on a hard smooth 
plain ; bat there would be some friction, and roads are both 
unequal and generally soft, which latter gives a confinued resist- 
ance of the same nature as going up a steep ascent. There is 
another consideration, which is, that the carriage, being loaded 
with the weight of the engine, would require stronger wheels than 
usual for these machines, which would stdl increase its weight. 

" I have taken it for granted all along that 80 lbs. is a suffi- 
cient force to move a common post-chaise,, loaded as I have men- 
tioned, (but without the engine) ; which, however, I am by no 
means certain of. I rather apprehend it will require, that power 
on a quite plain road, and more upon acclivities ; for four men 
would be able to exert that force, and yet could not move the 
loaded post-chaise at the above rate ; and I observe that horses 
labour aa much in a cart as they do in a horse-mill, yet they 
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exert near 200 lbs. each in t!ie latter, at the rate of 1^ miles per 
hour. 

"SI August, irei 

"The whole matter seems to turn on an answer to the ques- 
tion, whether 80 lbs. be a sufficient power to move a posfr-chaise 
on a tolerably good and level road at the rate of 4 miles in an 
hour. 2dly. Whether any less surface than 8 feet exposed to 
the fire be sufficient to evaporate a ciibic foot of water per hour, 
without much waste of fuel; which question seems partly an- 
swered by the boiler of our com-mill, which has only about 5 feet 
surface esposed to the fire for each foot it evaporates per hour; 
and it evaporates about 8 cubic feet per cwt., so that by submit- 
ting to a waste of coals, a smaller boiler would do. 3rdly. 
Whether it will require steam of more than 1^ times atmospheric 
density to cause the engine to exert a power = to 6 lbs. on the 
inch, which I fear it iviU. I think that the cylinder must either 
he made larger, or make more than CO strokes per minute ; and 
I do not think the latter plan very advisable, principally because 
the rotative motion already turns too fast for the axle of the 
chaise, and that it will require more wheels than two to reduce 
the motion to the proper velocity. As to working-gear, stopping 
and backing, with steering the carriage, I think these articles 
perfectly manageable. 

" The proper place for the engine will be behind the carriage, 
and to act upon the hind-wheels. Cokes must be used in place 
of coals, to prevent the disagreeable circumstances of soot and 
smoke ; bnt there will be no avoiding the sulphureous air, which, 
when going before a gentle wind, will prove suffocating. The 
shaking of the carriage will supersede the necessity of poking the 
fire, but will be apt to waste the coals, by making the cokes fall 
throngh the grate before they are consumed. The shaking of the 
carriage will be apt to derange the joints of the cylinder, &c., 
and render tliem untight; but perhaps some remedy may be 
devised for this in construction. 

" My original ideas on this subject were prior to my inven- 
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tion of these improved engines, or before the crank or any other 
of the rotative motions w tl ht f M pi th wa. to 
have two inverted cylind th t th d ack t il f j t 

rods, which were to be aff! dttw tbthl th 1 
tree, and to act altem t Ij 1 I m p tly t p th t 

this method may be appl dtolt yfb t da 

no fly, and has some oth 

" From what I have d d f m m h m wh h 1 ttl 
reflection will suggest t y j vill tl t th t 1 

circumstances turn out m f bl than h b t ted th 

machine will be clumsy and defective, and that it will cost much 
time to bring it to any tolerable degree of perfection ; and that 
for me to interrupt the career of our business to bestow my atten- 
tion on it would be imprudent I even grudge the time I have 
taken to write these comments on it. There is, however, another 
■way in which much mechanism might be saved, if it be in itself 
practicable, which is, to apply to it one of the self-moviag rota- 
tives, which has no regulators, but turns like a mUl-wheel by the 
constant influx and efilux of steam; but this would not abridge 
the size of the boiler, and I am not sure that such engines are 
practicable." The remainder of this letter is occupied with the 
consideration of the arrangements proper to be made with a third 
party, (not named, but then in the employment of Messrs. Boulton 
and Watt, and known to have been Mr. William Murdock), in case 
of his prosecuting the design, which he appears at that time to have 
warmly entertained, and urged, of making steam wheel-carriage 
for sale to the public, under a licence from his employers, or in 
partnership with them. 

Again,* "I am extremely sorry that W[il!iam] M[urdock] 
still busies himself with tlie steam-carriage. In one of my speci- 
ficatioas I have secured it as well as words coidd do it according 
to my ideas of it ; and if to that you add Symington's and Sad- 
ler's patents, it can scarcely be patentable, even if free of the gen- 

• lath September, 1786. 
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eral specification in the Act of Parliament ; for even granting that 
what I have done cannot Eecuie it, yet it can act as prior inven- 
tion against anyhody else, and if it canoot be secured by patent, 
fo what purpose should anybody labor at it? I have still tho 
same opinions concerning it that I had ; bat to prevent as much 
as possible more fruitless argument about it, I have one of some 
size under hand, and am resolved to try if God will work a mira- 
cle in favour of these carriages. I shall in some future letter 
send you the words of my specification on that subject. In the 
meantime I wish W[illiam] could be brought to do as we do, to mind 
the business in hand, and let such as Symington and Sadler throw 
away their time and money, hunting shadows." And, a few days 
later,* "Tou are certainly wrong in your computation of 18 lbs. 
of water serving your steam-carriage an hour. At present, where 
engines are wrought by condensation, to exert the force of one 
horse requires 10 lbs. of coals and 1 cubic foot of water per hotir ; 
but if steam of double density is used, as must be the case where 
there is bo condensation, it wUi take 20 lbs, of coals and 2 cubic 
feet of water lor each horse-power. These are the present facts, 
and I suspect the age of miracles is past, I am glad, however, 
that William applies to his business." And, to Dr. Bla«k,t "You. 
know I have long had plans of moving wheel -carriages by steam, 
and I have even described them in one of my patents some years 
ago. I believe I shall make some experiments on tliem soon, but 
have small hopes of their ever becoming useful." 

* 23d September, 178B. -f &lli October, 1786. 
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By another of what may be called his mechanical recreationa, 
practised soon after the date of the last of his steam-engine 
patents, Mr. Watt seems to have realised the idea, made classical 
by the story of Aladdin, of " New lamps for old." For the following 
letter to Mr. Argand,* famed for his manufactures of that sort, 
contains various ingenious suggestions on the subject of better 
reading-lamps than had before existed ; and for a long time lamps 
were made at Soho on Mr. Watt's principles, which gave a light 
Burpassing both in steadiness and brilliance anything of the kind 
that had appeared in those comparatively dark ages; and which, 
indeed, we have seldom, if ever, seen equalled by the elaborate 
contrivances bo much vaunted in our own days of more general 
illumination. 

"I have just seen some of Keir's lamps, hut have not seen 
them tried; in my opinion, they will be found troublesome, and 
subject to be out of order ; for the quality of tho saline liquor 
must be adjusted to a drachm, otherwise they wUl not answer; 
besides, I should suspect that said liquor will have bad effects 
upon the oil, or upon the vessels containing it, I am sure they 
are clumsy, logger-headed things, top-heavy, and liable to be 
overset, 

• AvgoBt 6tb, 1187. 
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"I have four plans for making lamps with the reservoir helow, 
and the stem as tall as you please. The first is, by means of a 
watch fixed ahove the reservoir, which shall work a small forcing- 
pump, about the size of a quill, at proper intervals, and keep the 
burner always supplied; and it may be so contrived as to stop the 
water while the oil is within certain limits ia height of the 
feeder of the burner. 

yiew of Clmi<is and Pattt;/. 




"Second, by means of a pump about 3 
inches diameter and 3 inches stroke, with a 
light piston fixed to it, garnished with a 
pliable leather, made to go easy, and perfectly 
oil-tight. The stem of this piston, which 
guides it perpendicularly, to be pressed down 
by a clock or timepiece spring in a barrel, 
acting on the stem by a wheel and rack- 
teeth on the stem ; but as the spring will 
grow weaker as it unbends, and the pillar 
of oil will grow heavier as the piston de- 
scends, to regulate these inequalities I attach 
to the piston one end of two heavyish chains, 
which lie over two pulleys, at som d 

erable height above ; so that, as th pist n 
descends, more weight of the cha n will 
come to that side, and assist it ia th 1 sc nf 
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always heavier than the other, 



352 



The end (d) of the chain must b 
BO that it may keep it tight. 

"Third, instead of making the piston moveable as in the last, 
make it fixed ; carry the feeding-pipe out of its upper surface ; 
let the pump be moveable upwards by means of a spring and 
barrel; then, as the spring grows weaker by unwinding itself, the 
height of the golumn of oil and the weight in the pump will both 
grow lees, in a ratio to which it is possible to adjust a spring. 

"In order to avoid too much 
height, the pianp may be pulled up 
by two racks, fixed to the upper 
edge, and acted upon by two wheels 
oa the axis of the spring barrel. 

"Fourth, last, and best. Let 
there be placed, about 2 inches 
above the upper end of the glass 
cylinder, a small fly like that of a 
smoke-Jack, which will turn round 
very swiftly by the current of air, 
and pretty forcibly. Let this fly 
have a stem coming down in the 
inside of the inner cylinder: at its 
lower end let there be an endless 
screw of one thread, working into a 
wheel of 60 or 100 teeth, which 
will make one turn for every 60 or 
100 revolutions of the By; on the 
axis of this wheel let there be a 
crank, (jnanivelle), to which attach 
the piston of a small pump about 
the size of a goosequill, and ^ an 
inch or f inch stroke, ■which will 
always keep the lamp abundantly 
supplied with oil, and a waste-pipe 

<i Spindle, a Eadl™ Mirew. / Crink i. , .. _a -, 

g Pump-tod. A Pump, a Feed-pipe may convey back the superflmlj. 
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I once thought of making it work a rope-pump, but the crank 
will be better, and amadou will make an excellent piston ; experttts 
gum the amadou. 

"How if this will answer, it will be the To Kaaon, the To 
To Mefieton because it will perform its ofEce by its own vis 
insita. The flj, mdeed, will darken a small sjace above it, but 
it will ser^e to amuse people, and consec[uently will sell if well 
made. In short, I like it so well, tliat if you will try it, and find 
it answer'^, I will go half with you m a patent for England, if 
you choose it, otherwise, it is entirely at jour soirice to make 
what use of it you please 

"Keir's lamp h'is, however, one good property which this will 
not have, viz, as his pillar of saline liquor grows shorter, the 
pillar of oil grows shorter too Kcir s lamp ma\ be improved in 
this way — let aa be an open sessel containing oil, and JJ be a 
close vessel containing the same fluid, c a vessel containing air; 
then the oil in aa will descend into the vessel c, by rf, and the air 
will ascend by the pipe e into the upper part of h, and will force 




i^ Sl^^^a Salina Liqnor. 



un m 




the oil in it to ascend by the 'pipe / as much abo^e b as the but- 
face of oil in c is below the suriace in aa. By this means you 
will be quit of the saline liquor and all its embarrassments, and 
you may carry the burner higher than be can; and if you use a. 
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Baiine ]iq;uor in aa, yon may carry it twice as high as he doea. 
Q. E. D. Sat verbimi sapienU. Valeaat quantum valere possunt, 
&c., &c., &c."* 

About a year after the date of the ahove letter, Mr- Watt 
made a pretty instrument for determining the specific gravities 
of liquids, having, he says, improved on a hint he had taken. 
"It consists of a syphon of two equal legs, with a tube joined to 
the bend of it, and a little water in that tube. One leg being 

A immersed in water, and the other in the liquid to fee ex- 
amined, by sucking at the pipe the liquors will both rise to 
. columns proportioned to their specific gravities ; and, if it 
is about 13 inches long in the Ieg;s, you can easily judge 
within ji^ part of the specific gravity, or, rather, of the 
longest column suspended." f 

So late as 1856 we have read the following announce- 
ment from St Petersburg, showing that Mr. Watt's method 
lb not « ithout its followers even in the present era of more 
esact science — "A very simple contrivance has been 
arranged by A Meyer, for measming the specific gravity of solid 
and fiuid bodies It consists of a glass cylinder, (I presume, a 
precipitating ghss,) a glass tube in the form of a syphon, and a 
brass screw vice for holding the syphon." J 

Little more than a year after the date of the specific-gravity 
machine, he says that he had "found out a method of making 
tabes of the elastic resin, without dissolving it," which recipe 
he ofiered to give to his friend the Chevalier LandrianL We 
- have not found this method described in any subsequent letter of 
Mr. Watt, of which a copy has been preserved ; but the subject 
of it was one which excited considerable interest at that time, 
and the importance of such tubes for a thousand purposes in 
science and the arts, is now universally understood. Winch and 
Cavallo's mod^of dissolving caoutchouc in sulphuric ^ther, and 

* To Mr. ArgBiid, 8th August, ]TeT. 
t To Dr. Black, June 8th, 1788. 
X ' The Times,' 3th March, ISfiS. 
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foiining tubes by dipping cylindrical clay moulds into the viBcons 
solution, as described in works of tbat date, received great atten- 
tion from chemists both in this country and on the Continent, 
as supplying a. great desideratum in the apparatus of the la- 
boratory." * 

The arithmetical machine, on which Mr. Watt says, in 1785, 
that he had been turning "some of his idle thoughts," f he does 
not appear ever to have prosecuted further than by mentally con- 
sidering the manner in which he could make it perform the pro- 
cesses of multiplication and division : processes which may be 
held to imply the earlier steps of addition and subtraction. 

Another of his contrivances, happy in its conception, and less 
difficult of (.omjletion than the aritlimetical machine would of 
necessity have been, belongs fo the earlj part of the present 
century. He was about tlixt time consulted by the company of 
proprietors of the Glasgow Waterworks as to a difficulty that 
had occurred m !a>mg pipes to bring pure spring water across 
the river CI vde, to the company s engines it Dalmamock: the 
channel of the nver beinjf there cohered w\th mud and shifting 
sand, full of me^uolities, and subject to the pressure of a con- 
siderable body of Miter A long and flexible, or rather, articu- 
lated suction pipe, with joints formed on the principle of those in 
a lobster's tail, and so made capable of accommodating itself to 

* See (he 'Travels of St. Fond,' toI, i. pp. 28-34. 

t "IliiiTebeen turning soma of my idle thoughts lately upon an nrithmeti- 
calmachina: how I shall succeed I know not, not having made it yei lU prop- 
erties are to be; that when you want fo multiply, you first turn up one figure of 
the multiplier, you then turn up in Ihiir order all the figures of the multipli- 
cand, and the machine will show the product by that multiplier ; you then turn 
up thd seeoad figure of the multiplier, and, beginning one place towards the left 
hand, you tura up again all the figures of the multiplicand, and tbe macbina 
shows the product by these two figures ready added, and so on for any number 
of figures; and it will perform division nearly as easily, without the least calcu- 
lation or burthen to tbe memory, other than tg take the figures in their order, 
beginning at either end you like. I intend to make an attempt at m^ng it ; — 
I say an attempt, for though the machine is exceedingly simple, yet I bare 
learnt by eiperienoe that in mechanics many fhidga fall out between the cup 
and tbe month."— Jfr. Wall to Mr. De Luc, llth Dicember, 1785. 
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all the actual and possible bendings at the bottom of the river, 
was at once recommended by him. This crustacean tube, two 
feet in diameter, and one thousand feet in length, was executed, 
from his plans and drawings, by Messrs. Boulton and Watt, and 
was found to succeed perfectly in practice. Although Mr. Watt's 
eervices "were induced solely by a desire to be of use in procuring 
good water to the city of Glasgow, and to promote the prosperity 
of a company which had risked so much for tho public good," 
they were handsomely acknowledged by the presentation to him 
of a piece of plate, of the value of one hundred guineas. An 
account of the flexible water-pipe, accompanied by an engraving 
of the drawing sent by Mr. Watt, was communicated by the late 
Sir John Eobison to the 'Edinbnrgh Philosophical Journal' in 
1820.* 

As he mentioned to Count BertliolJet and otliers of his cor- 
respondents, in 1810, Mr. Watt bad for several years felt dis- 
abled, by the state of his health, from making chemical experi- 
ments. But, as he used to say, "without a hobby-horse, what is 
lifeT' and one engrossing occupation, nearly akin to those of his 
earlier, but what we can hardly call his better days, he also found 
in gradually perfecting a sculpture-machine : a highly ingenious 
invention, the idea of which was suggested to him by an imple- 
ment he had seen and admired in Paris in 1802, where it was 
used for tracing and multiplying the dies of medals. 

,0f the exact date when he began to construct the first parts 
of this novelty in the engine department, we have been unable to 
find any precise note. In 1791 he wrote to Dr. Black that he 
had been employed for some time on an artificial alabaster, which 
he _had brought nearly to the hardness and transparency of 
marble, — very much harder than any natural alabaster; and, 
although he does not mention how this artificial alabaster was 
made, many of the specimens of the performance of his sculpture- 
copying-machine were afterwards made' of a similar material, 

■ Edinburgh ' Phil. Jonrnal,' vol. iiL p. 80. 
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The first clear indieations that we have met with of his making 
use of anything that approached to the reality of such a machine, 
oocor in 1807 and 1808, when its construction appears to have 
been considerably advanced, and he got from Londotv some 
models to copy, — "small i)usts of Socrates and Aristotle, and a 
sleeping hoy, sent by Turnerelli, the sculptor." • He then also 
ordered some diamond cutting-pencils for what he termed his 
"Parallel Eidograph." ^ By AprU, 1809, he had "made con- 
siderable progress with the carving-machine, and it seemed 
necessary to christen it with a Greek name," which to Professor 
TouDg, tliea the accomplished Professor of Greek at Glasgow 
College, he suggested might be Iconopoia, Iconurga, Iconoglypta, 
Agalraatopoia, Glyptes, Polyglyptes, Glyptic machine, &c., names 
to which he afterwards added those of Bust-lathe, Statue-lathe, 
Pantograph, Double Pantograph, and Double Parallel-lathe. At 
the same time he got for it, besides gouges and other tools, f 
"drills made in steel frames of peculiar construction, to tarn 
with great velocity and without a shake ; " and before the end of 
May of that year he wrote to his friend, Dr. P. Wilson, that he 
had now made the glyptic machine poljgljptic, as he could do two 
or more copies at once, but that it was "still far short of his ideas: 
Ars longa, vita brevis." At the same date he informed Jiis son 
James that since getting his new drill-frames from Manchester, 
(where they had been made by a skilful workman of the name 
of Green, under the immediate superintendence of the eruinent 
machinist Peter Ewart,) he had tried them only so far as to find 
that he could work two drills at once, and tiiat he had finished 
"a large head of l/ocke in yellow wood, and undercut, and a 
small head of Dr. [Adamj Smith, in ivory, which were both done 
on the iron platform: the former not so well," he adds, "as I 
expect to do, hut very well." Other occupations interfered to 
prevent his doing other carvings at that time. 

Six weeks later § he explains to Professor Toung the origin 
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of the maclune, which was now so far advanced, saying, "Thera 
- ia a machine of the nature of a turning-! athe, which copies medals 
and other things in bas-relief; it is called in France tour a 
mMaillgs, in English the likeness-lathe. I have thought of some 
improvements on it, which somewhat extend its uses; (this is at 
present a secret, which I do not wish to be spoken of.") Through- 
out that and the following year be gave various directions to Mr. 
Mardock, then, as always, his most able assistant at Soho, and to 
Mr. Peter Ewart at Manchester, who gladly performed for him 
the like frieodly offices, as to the improvement of some of its 
separate parts, observing to the latter gentleman, "You know my 
anxiety to complete it while I can."* To bis friends, MM. 
Levfeque and Berthollet also, bo described the stage of its prog- 
ress at which the machine bad arrived, and his intention, if he 
should live to complete it, of communicating a full aceount of its 
construction to tbem.f "I still do a little in mechanics: a part 
of which, if I live to complete it, I shall iiave the honour of com- 
municating to my friends in France." And, "I have turned my 
attention to mechanics whenever my health permitted, and have, 
as I hope, nearly completed a machine which promises to be of 
use in the imitative arts, and of which, if I am enabled to com- 
plete it, I shall send you a description ; but at present I do not 
like to say much upon a matter in prospectu — I wish to speak de 
facto. Whatever may be its success, it has at least bad the 
good effect of making me avoid many hours of ennui, by employ- 
ing my bands when I could not employ ray bead, and [hasj given 
me some exercise when I could not go out." J 

Early in 1811 he wrote to Dr. P. Wilson that his invention 
continued to succeed, and that he had reabsed some more of bis 
ideas oa the subject, having, by very accurate construction of the 
machine and adjustment of the tools, &c., overcome the difficulty 
of getting "the several segments which form the surface of the 
bust to meet;" and having executed several small busts iu 
alabaster, he "not being strong enough to work marble."§ "It 
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requires a very accnrate construction of the machine, and a very 
accurate adjustment of the tools, so that their axes may be always 
equally distant from each other, as the axes of the pattern and 
that of the stone to he cut are." Also, that whereas the speci- 
mens Dr. Wilson had seen were done by the cutting-tool and the 
guide-point moving in parallel lines, which were either straight 
or circular, and very near each other, — (" an illustration of 
Euclid's position, that the motion of a point generates a line, 
and the motion of a line generates a surface,") — he had now con- 
trived, though not executed, that the two "points, the guiding 
and the cutting -point, might move in any line, straight or 
crooked, square or diagonal, so that an insciiption might be cut 
in stone from a drawing on paper." "The principle is the, 
making a drill, or, in some cases, a sharp point, walk over the 
work to be done, in some given ratio to the motions of a blunt 
point upon the pattern; but there is some art," he observes, "in 
making a drOI, while continually varying its situation, turn 
round regularly with any desired velocity ; and, on the whole, 
there is some art required in the use and application of the tools, 
which experience only has taught me."* 

During the next three years, notwithstanding that the 
"garret," in which the macliine and all its appurtenances were 
placed, was too hot in the heat of summer, f and too cold in the 
depth of winter, f for the old man to spend ranch time under its 
roof, the progress he stil! was making, and the interest he con- 
tinued to feel in his curiously skilful process, were attested by 
"very smooth work on an Egyptian head" he was cutting in 
mahogany, § as well as by "a little figure of a hoy lying down, 
and holding one arm, very successfully done; and another boy, 
about six inches high, naked, and holding out both his hands, 
his legs also being separate," 

"The band-guide fully answers expectation, and even follows 



• Td Mr. P. Ewart, ^tli May, ISll. 
t To Mr, P. Bwart, 11th Jul)-, 1811. 
t To the same, STth February, lEU. 
S To Mr. Murdock, 7th December, 1813. 
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tte motions of the frame faster than I hoped. The axis bends a 
little, but not injuriously: it would have been better a hollow 
tube. The turned-up edged tool makes very smooth work on an 
Egyptian head I am cutting in mahogany, I cannot manage 
the twisted tools on wood ; they will occasionally set in their 
. claws and split off pieces ; but the four-toothed tool is more 
manageable, and works faster."* 

"But I have been principally employed," he adds, "in 
making drawings for a complete machine, all in iron, which has 
been a very serious job, as invention goes on very slowly with me 

Mr. Murdock soon finished the manufacture of the "new 
-loom, wlbich looks very scientific and answers its purpose," and 
Mr. Watt, although still seeing "so much to be done," that he 
feared he should never accomplish it, or that, when done, it 
would not be worth the trouble, othenvise than as a mental and 
bodilj Piercise, had. by March, 1814, "succeeded tolerably in 
making drills for working marble, which has hitherto been a 
matter of difficulty," and in the following autumn he wrote to 
his enginemng fnend Mr. John Farey, jun., "my machine is 
now undergoing one of its ultimate changes, and I expect very 
soon to have it completed," 

Accordingly, in September of the same year, he wrote what 
appears to have been intended as the title and commencement of 
a speciiieation of a patent for the inventi(m. The title shows 
that the description stops short altogether of one of the two 
species of machines intended to be included in it; it is also obvi- 
ously incomplete as to many particular proportions and move- 
ments of the several individual parts requisite for producing the 
desired effect. But of all of them, accurate drawings, beautifully 
made by himself, to a scale, remain ; showing that the machines 
were not only completed in fact, and used in practice, but were 
also carefully delineated by him, with a view, no doubt, to the 

* 7th December, 1S12. 
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relative drawings proper to be attached to such a specificatioa, 
when delivered ia at the Patent Office. The invention having 
been thus fully completed, and having also been publicly used by 
Mr. Watt in making the frequent copies of various specimens of 
sculpture which he, from time to time, distributed to his Mends, 
operated, in more than one instance; to prevent patents being 
subsequently taken out by others for similar ingenious machines. 

The following is the fragmentary description to which we 
allude, and which is dated September 2Ist, 1814; — 

"Certain new methods, machines, tools, and processes, by 
means of which copies, duplicates, or imitations are or may be 
executed, cut, carved, or made from the originals, casts, or 
models of stataes, busts, medallions, seals, dies, moulds, mould- 
ings, and other carvings, bent, waving, and uneven surfaces, in 
or upon some sorts of metal, ivory, bone, horn, tortoise-shell, 
wood, marble, and certain other stones and other substances 5 so 
that the said copies are or shall be of the same, or of some 
greater or lesser size than the said originals, within certain limits 
as may be de 1 ' 

" The sai I m hi a f two kinds : First, those which are 
intended to 1 m i f 1 sser or greater dimensions than the 
originals or p tt d condly, those which are intended to 

form copies cf th m s the originals or patterns. 

" I begin with th fi t kmd, as being the most simple in their 
construction. They consist of a bar, beam, or radius, having one 
universal joint or other centre-piece, at one end, which permits 
the other end to be moved in any direction, but will not permit 
the said bar or beam to turn upon its own axis in any sensible 
degree. This team is connected by the said joint vith one end 
of an oblong platform, upon which are guided two tablets in such 
manner that they can be slid to and from the centre without lat- 
eral shake. Upon the said beam are fixed two sockets, each car- 
rying a point perpendicular to the surface of the said tablets ; and 
the distance of these points from the centre of motion of the beam 
is proportioned to the difference of size which is intended to be 
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made between the patterns and the copy, bo that when the one 
point called the guide, (which must be more or less blunted,) is 
drawn backwards and forwards upon the patt«m, (which is fixed 
upon one of the tablets,) the other point, which is sharp or cutting, 
may cut or form a line upon the hlock or substance to be operated 
upon, which is fixed upon the other tablet, similar in its elevations 
and depressions to the line traced by the guide-point" 

On one of the drawings Mr. W. has written " This panto- 
graph will servo to reduce to ^, J, and J. A similar one will 
reduce to ^ and ^ ; i and -^ are not so useful, and may be omit- 
ted."* 

On the hacks of letters there remain some notes made by Mr. 
Watt, of the time occupied by him on several days in succession 
in making copies of busts with the diminishing machine : one 
specimen of such rough journals we give here, as indicating the 

* We have also found, in Mr. Watt's handnTitLng, the foliowing recipes for 
a, " Cement for hardening plaster patterns for the carving machiae," of dale Nov. 
Iflt, 1810 :— 

" 1. Wai '/• o^-' bl^It rosin 3 oi. ; melt logeiher by a gentle heat. 

" 2. Was 1 oz., red-lead or litharge 1 draehm, rosin 2 oi, ; dissolvo tlie red- 
lead in the was bj boiling them till efibrvesccnce censes, then add the rosin, and, 
when melted, withdraw from the fire. 

" Was 1 oz., sulphur 1 drachm ; unite them by a strong heat, and then add 
2 oz. rosin at a lower heat. 

" The cement No. 1 mclta very flaid at a low heat, and will do very well for 
subjects where small guide-points ore not necessary. 

" Where small points are necessary, No. 2 or No. S should bo used ; but they 
do not run so thin, and require more heat to melt them, especially No. 2. 

" To use these cements, let the plaster pattern be made sufficiently hot, by 
placing it hefore the fire, or in an oven or stove; then anoint it with the cement 
by a brush, and expose it before the fire, or in a stove, until it absorbs the ce- 
ueot. Give it in Uie same manner u second, third, or even fourth coat, unUI it 
has penetrated at least '/^ inch into the plaster; rctnore it from the fire before 
it has totally absorbed the last coat, which it will take in while it cools ; and any 
which does not seem likely to be absorbed must be wiped ofi' by a rag or some 
tow, and the pattern laid in a cool place." 

This is followed by a " Cement to fasten the patterns to be cut, to the tablet 
of the machine. Was and rosin equal parts, say 3 oi. of each, and, to prevent 
it cracking in cold weather, add Vi oz. of a miiture of3 parts linseed oil and 1 
part of nai, boiled together until when oold they become solid." 
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various steps of the process and the comparative time occupied 
in each. The result was a heautiful head, in alahaster, which 
still exists in the possession of Mr. Watt's representatives j bnt 
it was done before the attainment of aH the facility with which 
some later improvements of the macliine enabled t!ie operator to 
work, and which gave greater rapidity of execution : — 

JBust of Sappho, January, 1811. 

"JuQ. 23. Making pedestal, I hour 1 

29. Soaking in a attong coat of oil-Tarnish, and ccmentiBg the 

bust on pedestal ■ 1 

30. Cutting out the stone, cemenliog it and Oje bust ia the move- 

able plates, and fixing the centres .... 3 

31. Roughing the stonowith the tearing-drills to within the thick- 

nesa of a halfpenny of the truth ..... 9 
" Feb. 1. Going over it with the qaarter.inch drill to within the thick- 
ness of a tliia sixpence S 

" Saturday 2. Doing the face with the Va drill to the truth, from the outer 
comer of one eye t« do. of the other (went too slow) . 5 

8. Doing her best with do 1 

"Monday. 4. Do. one side of the head 4 

" Tuesday. 5. Do. round to within Vith of the whole .... 4 
6. Quite round, finished the shoulders, removed some of the 

steps, or plaits 8 

T. Cut the crown of the head, undercut tlio neck, and cut it off 
from the centre-piece, repoired the most of it . . 3 



In 1816, the machine underwent some further improvements, 
" to assure steadiness in its working," but in August, 1817, Mr, 
Watt feeling " very languid and unfit for exertion of any kind," 
and also experiencing " an occasional dimness of sight, which 
rendered it at times difficult for him to write even with spectacles," 
deferred his superintendence of further changes which were to be 
made on it, tOl his return from his tour in Scotland. Some lat«r 
notices that we have of it from his hand are interesting ones j for 
in the end of 1817 we find him writing to his friend Chantrey, 
then near the summit of his fame as the first of British sculptors, 
"the diminishing machine is made ready for the trial;" Ohan- 
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trey replied in the following March, expressing the great desire 
he felt, from the report Mr. Eennie Lad made to him, to examine 
the machine ; and offering a visit to Heathfield for that purpose 
in June " if you will be kind enough to encourage me with a 
promise that I shall then see it." The desired invitation was 
duly sent ; but when Chantrey next passed through Birmingham, 
(on his return from Scotland in 1818), it unfortunately happened 
that Mr. Watt was absent from home, and the great sculptor's cu- 
riosity therefore remained unsatisfied. The last drawings which 
Mr. Watt made of any portions of the machine are dated by him 
February and April, 1818. But it does not appear that, in the 
last year of his life, he did much more to or with it. 

The classical "garret" and all its mysterious contents, — the 
Poljglyptic Parallel-Eidograpb with its tools and models included, 
— have ever since been carefully preserred in the same order as 
when the hand and "eye of the master" were last withdrawn 
from them, and he crossed the threshold never to retuin to bis 
work on earth. When last inspected by us, fin 1853,) all things 
there seemed still to breathe of the spirit that once gave them 
life and energy ; and only the presence of some reverend dust 
silently announced, that no profane hand, forgetful of the " religfo 
loci," had been permitted to violate the sanctities of that magical 
retreat, or disturb the repose of the " wheels," and " drills," and 
"guiding-points," that have never since been moved. 
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Sircu ^ere some of the mechanical recreations in ivlucli the aged 
engineer was wont to employ the moderate strength, and the un- 
alterably inventive thoughts, which were still granted to him ;■ 
blending with them, when at home, the pleasures of horticnltiure, 
of happy social intercourse with his neighbours, of most various 
study, and even of novel-reading, — ^with him always a favourite 
department of literature ! 

About the middle of his life, he caused to be engraved on one 
of bis seals, a human eye, with the motto " Ocseuvare ; " and to 
that significant device he ever remained true. When he occa- 
sionally visited London, be lost no opportunity of making him- 
self practically acquainted with every new discovery or contriv- 
ance of merit, of which any report had reached him : on the in- 
genious wonders so abundantly exhibited in the shop-windows 
and warehouses of the metropolis, he gazed with all the delight 
of a child ; and it oiten happened that their omiers, after leading 
him into conversation, and finding themselves far surpassed in 
knowlege of their own peculiar pursuits, felt as though they bad 
" entertained an angel unawares." The orbit of his movements. 
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in short, always bright with his own light, was also marked, long 
after the period of his passage, by what M. Atago hafi so charac- 
teristically termed "luminous traces." 

Sometimes, during the last quarter of a century of his life, he 
gave to his journeys a somewhat wider geographical range. In 
1802, when, during the peace of Amiens, the Continent was for a 
brief season opened to British travellers, he once more visited 
Paris ; where he renewed his aequaintance with thoso of his for- 
mer scientific friends whom time, and the crimes of the revolution, 
had spared "We were very kindly received " he writes to Pro- 
fessor KjI ison * bj my ol 1 fhen Is at Pins M Berthollet, M. 
Monge, and M de la Place now become Senators. M. Prony 
and M. Hasseniratz ■nerc also exceedmglj attentive; the former 
especially and seems an excee Img g od fort of a man, as well 
as a very ablL m ithcmatician He appeared t j 1 e sorry that he 
had not taken more notice of me in his book on the steam-engine, 
and has offered to p bbsl n a succee 1 n^ ol me anything I 
please to fam sh h m th on the eulject Many o here were 
very kind We pass d live ■neeks there and hal the weather 
been warmer I should have w shed to p olong mj staj * * 
To the great men of s ence here namel and the Abbfi Haiiy, 
whom he elsewhere n ludes n the 1 st ust be added anolher, — 
perhaps the mo t interesting of all — Benjam n Delessert ; — a 
name sa red to the cause of sc ence of art and of philanthropy. 
See his nterest ng Elogo H st r qie Ij M Flou ens ('Hist, 
de I'Acad les S enees tome x\u p cxix -cxl u ) vhere it is 
said — ' Benjam n Delessert pissa f B r nmgham * * Le genie 
de la m6can que j soumetta t a I homme 1 une des forces les plus 
puissantes et les plus terr bles de la nature Benjam n Delessert 
fut temo n des e sa s de Watt * * Chacun de cei bommes 
celebres, comme ces 1 ces Lienfaisantes qu. avait ruvees 1 imagina- 
tion, de nbs p^res, doua Benjamin Delessert d'un talent partieulier. 
• * Watt le doua de I'inteliigence eupfirieure des arts mecan- 

• 36th April, 1803. 
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iques." In the pursuit of learning and taste, M. Delessert pos- 
sessed, as all his friends will long remenilier, multipliud endow- 
ments of no less value than that which he thus received at the 
hand of James Watt. But it 13 still more worthy of notice, that 
his path was that of the just, and his death that of the righteous. 
The secret of his virtuous life was, at its close in 1847, revealed 
in these words, made public with his last testament, — (one full of 
charitahle forethought, and munificent care for his fellow-men,) 
— " Apres une bonne action, on fiprouve un sentiment de bonheur 
qui est au-dessus de toute id^e : on dort d'un somjneil paisible, et 
tons les songes sont agr^ahles ! " 

We cannot resist the temptation of here inserting a letter 
which, after his return home, Mr, Watt received from another of 
his foreign friends, and which speaks with a natural eloquence 
that must have been irresistible. 

" Offenbaoli, near Francfort, the i of March, 1803. 
"Much honored Worthy Sir, — would your Gfenms have read 
in my Soul, the very moment I perused the obh^'ing letter with 
which you honored the old mother of Sophy &temheim, be sure I 
remembered with blessing tbe hour I saw m my little abode Sir 
James Watt, the great benefactor of all Centuries to come, — 
having proved the power of a mind, Who surely and steadily 
aply'd his faculties, for the improvements of Scieni,B and Art — 
the more useful, for his fellow creatures — Physik and Meianik — 
will for ever bless your name — I was happy to behold you with a 
New Conviction, that the very great maii is a very good Tnan — I 
admire you for the first, but bless and love you for the second. — 
May your Sons partake, of your Spirit, and character, with wath 
feelings, should I have seen the worthy mother of your Childs — 
and I will ever regret her siknesa — and my old age who has 
deprived me of the advantage to become acquainted to her. — I 
have thanked my god, to shaked the hand, who haB traced the 
perfection of Steam Engine — and I pray god, to conserve yoa 
Mistriss Watt and family — in all happiness, far more, than 73 
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years of mine. When Dear Sir ! you recall Germany, say that . 
you have there an old friend and well-wisher in 

" Sophy la Eoche." 

"excuse Dear Worthy sir! all the faults, of the broken Eng- 
Hsch, I was bold enouhg to write you. Mister Trapp, has my 
everlasting thank for tlie blessing hour, in wich He conducted 
you to my cottage. — God hless you." * 

Mr. Watt also frequently amused himself with tours of obser- 
vation and enjoyment throughout England, Scotland, and Wales; 
as well as with agricultural pursuits, and various rural improve- 
ments, on some farms in the latter country, which the beauty of 
the scenery, uniting the softness of the sout! vith some of the 
wild grandeur of the north, indu ed h in to p r hase. He began 
that species of investment in 1708 on a small scale ; and some 
of the parcels of laud which he at first bought were rather widely 
scattered ; but many of thera, w th lare;e add t ons made by bis 
son, now form a very extensive estate the greater portion of 
which is situated in Breconshire an 1 Eadnorsl e between Ehay- 
ader and Newbridge, on the most charm ng part of the course of 

" The sylvan Wye, that itandercr through the woods," 

and of the Ithon, one of the most picturesque of its tributaries. 
The simple, but neat and comfortable farmhouse of Doldowlod, 
(of which a portion yet remains, although now overtopped by 
another mansion, of greater pretension, lately erected by its side, 
and conununicating with the more modest cottage of earlier days,) 

* This quaint epistle is giTca exactly as it was sent, unaltered in one jot or 
tittle of its ohariQing na'iveti. The good old lady who penned it was the author- ■ 
«as of the 'History of Lady Sophia Steroheim," (translated by J. Collyer, 2 rola., 
1776) : and also of a Journal of Travels in Uollaud and England, (' Tagebuch 
einec Reise durch Holland u. England, VOQ Sophie Wittwe von La Roche;' Of- 
fenbach am Main, 1T91). We trust that God " conaerfed " in ali peace to the 
end of her days her honest, ardent, Gennan heart ; which united to such admi- 
ration of intellectual greatness, tbe emotiona of humble, ptous goodness. 
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was tlie home which congenially received him on his occasional 
visits. The fine woods which there richly clothe the valley, and 
agreeably diversify the river and mountain sceneiy, were chiefly 
planted under his superintendence and direction ; — very many 
of the trees by his own hand, 

la all that concerned tte acquisition and beneficial manage- 
ment of their Welsh property, both Mr. Watt and his soo de- 
rived very material aid from the enlightened judgment and great 
ability of the late Mr. James Davies, of Moorcourt in Hereford- 
ahire j a gentleman whose services to his own and two neighbour- 
ing counties were sensibly felt and splendidly acknowledged by 
their inhabitants. His good memory, indeed, can scarcely fail 
to descend to posterity along with that of John Kyrle, "the man 
of Eoss," whose career of active usefulness, (although their tastes 
were in some respects different,) he may be said to have success- 
fully emulated. Mr. Davies died in 1856, aged V8, full of years 
and of rural honours. 

In the Iiappy microcosm in which tlie great inventor thus 
lived, "his mind to him a kingdom was;" and his peaceful pur- 
suits were seldom interrupted by any perturbation from without. 
His first occupation on returning home from any absence, was 
to walk round Lib girden, followed by his gardener, surveying 
his trmt- trees, aad commentmg on their progress and produce; 
adminng their blossoms, or examming those fruits, m whose 
gradual ripening and faU, the wise can trace a natural imige of 
their own maturity and decaj " * 

If fond of flowers, it must also bo confessed that he was not 
without a sei-ret relish for a certain fragrant weed, and that, too, 
as prepared in one of its forms now perhaps least fashionable; in 
other words, he greatly enjoyed the homely solace of an occasional 
pinch of snuff. This predilection, however, was rarely indulged j 
as the assiduous legislation j)f Mrs. Watt denounced the snuff- 
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box. Her habit was to lay violent hands on the offending "mull," 
wherever she could snrprise it, and to carry it away to the safe 
custody of her china-closet. The philosopher submitted, with his 
usual placidity ; but agaia, in hia own good time, was sure to 
wateb the dame when employed amid her favourite ware, and, 
while her back was turned, to steal a pinch ; or even to recapture 
the box, and bear off his prize in triumph. 

"Still, 13 he ran, ho look'd behind — 
He heard a voice in eveiy wind. 
And snatcti'd a fearfui joy I " 

In his "evenings at home," at a, certnin h.o\Lr, Jbxd by Mrs. 
TToM, the door fth b m whioh h h 1 lit 1 t ly 

left her lord, op 1 11 •■ PP 1 d It g th 

disregarding thgtp hibhtoJwthfw 

active evolutions pt t t ih fi th 1 1 1 d — hi 

master ! Adieu th altf t C diu,thbok th 

ing reverie of th bt 1 — m t int h t m ht h 
said,— to the pu t t k II I r b 1 ffi It B t 

we have it from h t do f th ant m ly 

irruptions, that, tbhstlly bw ttoywh 

meekness, " We must go;" — that still the quiet smile never quitted 
that benignant countenance, — the serenity of that sweet temper 
remained undisturbed. 

" His habit was, immediately on rising, to answer all letters 
requiring attention ; then, after breakfast, to proceed into the 
workshop adjoining his bedroom, attired in bis woollen surtout, 
his leather apron, and the rustic hat which he had worn some 
forty years, and there go on with bis [sculpture] machine." * So 
says a writer who doubtless borrowed his information from a 
source that he thought might be safely relied on ; but the first 
portion of this statement may be questioned. For, in opposition 
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to the received maxims of longevity, as well as to the doctrine 
of Dante, who says that— 

On downy plumes repoEiug, fame is won," 

Mr. Watt was not a very early riser ; and, on many days of his 
life, the letters that he wrote, would, as we have already men- 
tioned, "alone ha e f rn'shed full employment even to an indus- 
trious intellect The mental fatigue of Mr. Watt," says Mrs, 
Schimmel Penn nek vas often so great, that I have heard he 
required from n ne to eleven honrs' sleep to recruit his powers, 
and his e en n^s vere uniformly spent in some light amusing 
reading. He sel lom rose very early," says his cousin Mrs. 
Campbell, " hut accomplished more in a few hours' study than 
ordinary minds do in many days." * 

Twice, a summons to undertake the burdensome honour of 
the Shrievalty, (of Staffordshire in 1803, and again of Eadnor- 
shire in 1816,) was met by Mr. Watt with uneasy apprehension, 
and repulsed with all his energy. At that time he thus almost 
plaintively stated his own case, with a siew, as he says, of 
"averting so serious a mnfortune as serving that oflioe " would 
have been to him \ — "I am nearly seventy years old; my 
health, always precarious, generally confines me to the house for 
the greatest part of the n inter and •ipnng I ne\ er ■« aa endowed 
with the speedy deuision, firmness of iharacter, and mtrepidity 
necessary for a public station, and these qualities ha^e not been 
augmented by my declming years You, as well as any man, 
know the anxiety and \exation which I endured for many years 
from the harassing lawsuits m which nc were untortunately en- 
gaged, and which have hal the effect of making me very unfit 
for business of any kind, the powers of mymmd are worn out, as 
well as those of my body. I have laboured very hard for the 
public during the greater part of my life, and hope I have been 
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of some use. Though I cannot bring forward to the public mind 
the 'labores, sudoreB, vigiliaa,' yet the 'instrumenta artis nostrte' 
are in everybody's hands. I have been useful to the State in the 
way Nature intended, and hope I shall not have a duty imposed 
upon me I am totaJIy unfit for, nor have my grey hairs weighed 
down by a load of vexatious cares. You know that from my 
inability to support the cares of business I have retired from it 
with a very moderate fortune, in order to enjoy that quiet for 
which alone I am now fitted, and which I pray may be undis- 
turbed. My property in the county is very small, — only a 
house and forty acres of poor land, which has any value only 
from its vicinity to Birmiogiiam. 

"The present juncture of affairs seems to require a Sheriff 
in the prime of life, possessed of activity and decision, and not 
a timid old man. It is not my part to say who is equal to 
the office; but I am fully impressed with a sense of my own 
unfitness, and hope I have not deserved so ill of the nation as 
to be placed in a situation that might expose my weakness, or 
perhaps have worse consequences." 

Although every esertioa was used by those to whom Mr. Watt 
communicated his wishes on this occasion, there was at iirst a 
great deal of difficulty in getting him excused from serving in the 
ofiice to which he had been nominated. But Mr. W.'s scientific 
irieods. Sir Joseph Banks and the Horu C. Greville, having used 
their influence with his Grace the Duke of Portland, then Presi- 
dent of the Council, that nobleman, in the most kind and hand- 
some terms, expressed his opinion that Mr. Watt's disposition to 
preserve that quiet to which he was so well entitled would induce 
the members of the Council to direct his name to he removed 
from the list of persons nominated as sheriff. 

In 1816, the circumstances were nearly the same; with the 
additional weight which his completion of fourscore years had 
given to the argument arising from declining strength ; and no 
difficulty seems to have been found in granting the prayer for 
exemption uttered by what has been beautifully called "the voice 
of age resistless in its feebleness." 
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" My reasons against Berving," he then writes to Mr, Robert 
Muirheid,* "are, that I have nearly completed my 81st year, 
have precarioas health, and am generally confined to the house 
all the winter and spring; tli"at I have spent a long life in im- 
proving the arts and manufactures of the nation ; my inventions 
at present, or lately, giving employment to [the] best part of a 
mUIion of people, and having added many millions to the national 
riches, and therefore I have a natnral right to rest in my extreme 
age i that I have no domicile in the country, nor ever had, and 
have not been in it more than two years, and probably never 
shall ; that for these reasons I was excused serving for the county 
of Stafford, in which I live, twelve years ago, and some of them 
should weig;h more now. Eighty-one is not a period of active 
life, and, as far as my personal qualities are concerned, I esteem 
myself perfectly unfit ; and the consequences of serving would 
probably be the sending me a year or two sooner to the grave." 

His apprehensions that the powers of his mind had been worn 
out, happily remained groundless till tlie hour of his death. It 
has been recorded of Dr. Samuel Johnson, in a work which none 
can read without receiving instruction, and few without experien- 
cing delight, that in the latter part of his life, in order to satisfy 
himself whether his mental faculties were impaired, he resolved 
that he would try to learn a new language. For that purpose, 
he fixed upon the Low Dutch, and continued his application nntU 
he had read about one half of Thomas it, Kempis in that unat- 
tractive tongue ; and, finding that there appeared no abatement 
of his power of acquisition, he then desisted, satisfied that the 
experiment had been duly tried.'!' At a similar period of life, 
and with a similar view, Mr. Watt resolved to prosecute a like 
investigation ; the language he chose was Anglo-Saxon, and the 
result was perfectly satisfactory to his mind. 

It is right that we should here authoritatively vindicate the 
venerable subject of our biography from the allegation, — which, 

* 23rd November, 1816. 

t See Lnjiglon'a Reminisceneas, in 'Boswell's Life of Johnson,' vol. iv. p. 17, 
ed. Oxford, 1326. 
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however, in these days of rapid political converalon it might be 
somewhat unsafe to call the reproach, — of having teen what is 
termed "a ead radical." There never was a more unfounded 
impression fottaed of any man's political sentiments tlian this ; 
for the wise engineer was throughout his life possessed with the 
most loyal and constitutional principles ; having been, in truth, a 
plain and homely, but honest and steady Tory, of what is called, 
not without strong reason, and by way of contrast, we suppose, 
to some modern innovations, the good old consistent school "Oar 
principles," he saj^, when describing the riots at Birmingham in 
1791, and tile threats held out by the mob, "which are well 
known as friends to the established government and enemies to 
republican principles, siiould have been our protection from a 
mob whose watch-word was Church and King ; " and he uniformly 
expressed his horror at the proceedings of the revolutionists in 
France, as well as of the unbridled sovereignty of the people in 
any country. So clear and decided, indeed, were his convictions 
on such matters, that we should scarcely have thought it necessary 
to allude to them, had it not been that a prime minister of Eng- 
land was understood to have given utterance, previous to the 
close of Mr. Watt's life, to the erroneous doctrine already referred 
to; and we have ourselves, in tSte present day, heard the same 
ereed repeated by a very able and usually most accurate per- 
son, who, however, was on this point no better informed than the 
Earl of Liverpool had been. 

The truth is, that both of those gentlemen, and any others 
who may have shared their opinion on this subject, led astray by . 
the similarity of name, have confounded Mr. Watt as a politician, 
with his son Mr. James Watt j who certainly was in his youth 
carried away, by the enthusiasm then prevalent in what was 
termed the cause of liberty, to sympathise with the Uirondina 
and Jacobins in Paris, and even to take some open and avowed 
part in their earlier tumultuous agitations. He was for some 
time, in company with Thomas Cooper, and Wordsworth the poet, 
in the habit of associating with many of those men who after- 
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wards attained a dreadful celebrity ; and, as Southoy has men- 
tioned, was at tLat time tlie means (unfortunately for the world !) 
of preventing a duel between Danton and Eobespierre. 

"DantonandEobespierre," says Southey, " quarrelled at one 
of the political clubs, before the 10th of Aug;ust : high words 
ended in a challenge ; they met, and the duel was prevented by 
the interference of an Englishman, who went out as a second to 
the one, and represented to them how injurious it would be to the 
cause of liberty if either of them should fall. (!) That English- 
man was the present James Watt of Soho, and from bim I heard 
this remarkable fact." * 

For another more public exhibition of mistaken zeal displayed 
in the same cause, Mr. James Watt, jun., and his clever, but 
eccentric friend Cooper, were thus severely denounced in the 
British House of Commons; — "Messrs. Cooper and Watt," said 
Burke, in the debate on Mr. Sheridan's motion relative to the 
existence of seditious practices in this country.f '' 
an address, and carried the British colours i. 
on what occasion ? The most infamous that ever disgraced the 
name of government. A set of soldiers had been tried by a, 
court-martial, and condemned to the galleys. These were fit men 
for the republicans of Paris. They might be useful; — though 
bad soldiers, they might be good murderers. They nere released 
in contempt of the Assembly then sitting ; brought to Paris, and 
paraded in triumph through the hall. On this detestable occa- 
sion, Mr. Cooper and Mr. Watt carried the British colours. They 
were locked in the fraternizing embrace. Tliey received the 
fraternizing kiss. They went from the hall of the Assembly to 
the hall of the Jacobins, where they kissed the bloody cheek of 
Marat ; — the iron cheek of Pluto instead of Proserpine ; — 



' See letter from Southey te A. Alison, Esq., {now Sir Archibald Alison, 
Bart), Kejwick, April If, 18S3. ' Lift of R. Southey,' by Eev. C. C. Sonthey, 
Tol. vi. p. 209. + March 4, li'flS. 

i Speeches of the Right Hon. Edmund Burke, toI. ir., p. 124, ed, ISIS. 
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The first blood of citizens, however, which the young politi- 
cal enthusiast saw spilt in the gardens of (he Tuileries and streets 
of Paris, sickened him of that "licence" which tliose wretches 
meant "wten they cried liberty;" and he then endeavoured to 
mitigate ^ far as poasihle that violence of revolutionary rage 
which he foresaw ho must in future deplore. 

This partial change of sentiment led to a curious result ; for 
Eohespierre having tlien insinuated in one of his addresses at the 
Club of the Jacobins, that Cooper and his compatriot were emis- 
saries of Pitt, Mr. J, Watt, with the same fearlessness with which 
he had previously supported a cause which he imagined to be just, 
took an instant opportunity of confronting that monster in his 
own arena ; — he indignantly sprang on the tribune, from which 
by main force he ejected the truculent orator, and in a brief but 
impassioned harangue, delivered in French, which he spoke with 
perfect fluency and an excellent accent, completely silenced his 
formidable antagonist, carrying with him the feelings of the rest 
of the audience, who expressed their sense of his honest British 
spirit, in a loud burst of applause ! On returning home, having 
learned, by sure intelligence from one deep in the secrets of his 
dangerous foe, that his life was no longer safe for a day, he in- 
stantly quitted Paris, without even a passport. He succeeded, 
though with some difficulty, and occasionally at great hazard, in 
making his way to the south, and never rested till he arrived in 
Italy. There having devoted himself to other pursuits than poli- 
tics, and his revolutionary ardour having had time to cool, he saw 
good cause to shudder at the atrocities committed by those who 
so lately bad been his chosen companions. 

" I went over to Paris," — said the late poet Wordsworth to us, 
in one of those hours which his presence and converse winged 
with unfailing delight, — " at the time of the revolution in 1792 
or 1793, and so was pretty hot in it; but I found Mr. J. Watt 
there before me, and quite as warm in the same cause. We thus 
both began life as ardent and thoughtless radicals ; but we have 
both become, in the course of our lives, as all sensible men, I think, 
have done, good, soberminded Conservatives ! " 
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Snch, however, is no doubt the true esplanation of the poli- 
tics of Mr. Watt, senior, having ever been mistaken. But al- 
though his owu views were uniformly such as we have stated, even 
he, in judging those of others who differed fi'om himself, seems to ' 
have exhibited all that philosophical moderation which so strik- 
ingly characterised his habitual sentiments : as when speaking of 
Professor Bobieon he says,— "he entertained a high respect for the 
constitution of iiis country, and detested the novel doctrines of 
Jacobinism, which made him pass censures too severe upon several 
of the French pkilosophers, {otherwise extremely estimable men, and to 
iohmi science is muck indebted,) without duhj weighing the circant- 
statices ill which they were placed." 

In the winter of 1813-14, he complied with the request of bis 
distinguished &iend, Sir David Brewster, in looking over the 
articles ' Steam,' and ' Steam Engines,' written by Dr. Robison, 
for an edition of Dr. E.'s collected works ; and be then added 
to them, with considerable labour, his valuable and well-known 
annotations as to his own inventions and improvements. His 
MS. he accompanied by the following interesting letter to Sir 
David, in which he accurately discriminates between the apparent 
meaning of some rather obscure expressions that Dr. Eobison 
had used, and that which no doubt they had been intended to 

Haathficld, May, 1614.* 
"Dear Sir, — At your request, I have carefully perused my late 
excellent friend Dr. Eobison's articles ' Steam ' and ' Steam-en- 
gines ' in the ' Encyclopasdia Britannica,' and have made remarks 
upon them in such places where, either from the want of proper 
information, or from too great a reliance on the powers of his ex- 
traordinary memory, at a period when it probably had been weak- 
ened by a long state of acute pain, and by the remedies fo which 
he was obliged to have recourse, he had been led into mistakes in 



• Hobiaon'a ' EsaBjs on Mecbaoioal Philosophy/ edited by SirDsTid Brewster. 
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regard to facts ; and also in some places where liis deductions 
have appeared Ijj me to be erroneous. 

" Tliere had been hut very little interchange of letters be- 
tween us for some yeais previous to his writing those articles, and 
our opportunities of meeting had been rare and of short duration, 
and not occupied by philosopliical discussions. Had I been ap- 
prized of his design, I might at least have prevented the errors 
respecting the facts in which I was concerned ; but, upon the 
whole, it is more surprising to me that his recoUectioB should 
have served liJm so well in narrating transactions of 30 years' 
standing, than that it should sometimes have led him astray. If I 
had not retained some memorandums made at the time of, or soon 
after, their occurrence, I should myself have felt great difficulty 
in recalling to mind the particulars at tiie period when I first pe- 
rused those articles, which was some time after their publication. 
I had about that period an opportunity of personally stating to 
Dr. Eobison some remarks upon them, of which he avaUed liim- 
self to a small extent in the Supplement to tJie ' Encyclopsedia 
Britannica,' and probably would have done so still more, had he 
been called upon to remould those articles. 

" I have endeavoured to throw most of my corrections into 
the form of notes ; but in some places I judged it necessary to 
alter tlie text, which alterations I have marked to be printed in 
italics, that they may be readily distinguished from the originaL 
In a few places, I have cancelled part of the text without any 
substitution, none appearing to me to be required. In others, I 
have left part of the reasoning unaltered which I did not concur 
in ; as in mere matters of opinion, where no manifest error w^ 
involved, I did not conceive it proper to introduce my own spec- 
ulations. 

" As tbe subjects of steam and steam-eng^es had been al- 
most dismissed from my mind for many yeais previous to my 
nndertaking this revision, I have called in the aid of my 
friend Mr. Southern, and of my eon, whose daily avocations in 
the manufacture of steam-engines render them more conversant 
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with some points, to direct my attention to them; and of the 
former, to examine such of the algehraic formula as appeared 
essentia!, — an office for which he is much better qualified than 
myself; and he has accordingly marked those formulre with his 
initials- 

" I have not attempted to render Dr. KohLson's memoir a com- 
plete history of the steam-engine, nor have I even given st detailed 
account of my own improvements upon it. The former would 
have been an undertaking beyond my present powers, and the 
latter must much have exceeded the limits of a commentary upon 
my friend's work. I have, therefore, confined myself to correcting 
such parts as appeared necessary, and to adding such matter as 
he had not an opportunity of knowing, 

"Here it was my intention to have closed this letter, but the 
representations of friends whose opinions I highly value, induce 
me to avail myself of this opportunity of noticing an error into 
which not only Dr. Robison, but apparently also Dr. Black has 
fallen, in relation to (fe origin of my improvements upon the steam- 
engine ; and which, not having been publicly controverted by me, 
has, I am informed, been adopted by almost every subsequent 
writer upon the subject of Latent Heat. 

" Dr. Robison, in the article ' Steam-engine,' after passing an 
encomium upon me, dictated by the partiality of friendship, quah- 
fies me as the 'pvpil and intimate friend of Dr. Black ;' a descrip- 
tion which, not being there accompanied with any inference, did 
not particularly strike me at the time of its first perusal. Ho 
afterwards, in the dedication to me of his edition of Dr. Black's 
'Lectures upon Chemistry,' goes the length of supposing me to 
have professed to owe my improvements upon the steam-engine 
to the instructions and information I had received from that gen- 
tleman, which certainly was a misapprehension ; as, although I 
have always felt and acknowledged my obligations to him for the 
information I had .received from his conversation, and particu- 
larly for the knowledge of the doctrine of latent heat, I never did, 
nor could, consider my improvements as originating in those com- 
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manicationa. He is also mistaken in Ills assertion, (p. 8 of the 
Preface to tiie above workj, that ' I had attended two courses of 
the Doctor's lectures ; ' * for, unfortunately for me, the necessary 
avocations of my business prevented me from attending his or 
any other lectures at College ; and as Dr. Eobison was himself 
absent from Scotland for four years at the period referred to, he 
must have been misled by erroneous information. In page 18i 
of tbe Lectures, Dr. Black says, ' I have the pleasure of thinking 
that the knowledge we have acquired concerning the nature of 
elastic vapour, in consequence of my fortunate observation of 
wliat happens in its formation and condensation, has contributed 
in no inconsiderable degree to the public good, by suggesting to 
my friend, Mr. "Watt of Birmingham, then of Glasgow, his im- 
provement on this usefol engine,' (meaning the steam-engine, of 
which he is then speaking.) There can be no doubt, from what fol- 
lows in his description of- the engine, and from the very honourable 
mention which he has made of me in various parts of his lectures, 
that he did not mean to lessen any merit that might attach to me 
as an inventor ; but, on the contrary, he always was disposed to 
give me fully as much praise as I deserved. And were that 
otherwise doubtful, it would, I think, be evident from the follow- 
ing quotation fi'om a letter of bis to me, dated 13th February, 
1783, where, speaking of an intended publication by a friend of 
mine on subjects connected with the history of steam, he says, 
' I think it is very proper for you to give him a short account 
of your discoveries and speculations, and particularly to assert 
clearly and fully your sole right to the Jionor of the steam-engine.' t 

* "Repeated more in detail, witii the same erroneous inferences, in his Note, 
rol. i. p. 504.— (J. W.) " 

t See a more full eitract from the letter in question printed at p. 16 of Mr. 
Walt's corrrspondenoe on hia 'DiscoTCry of the composition of Water,' 1846. It 
is the some letter in which Dr. Black, speaking of Mr. Watt'a diaoovcries, aiiys, 
"were jou to be the first publisher of them yourself, you would do it in sucb a 
. cold and modest manner, that blockheads would conclude there was nothing ill 
it, and rogues would afterwards, bj making trifling variations, vamp off the 
greater part of it as tbeir own, and assume the whole merit to themselves," 
Those prophetie sayiags were, singularly enongb, almost immediately followed by 
what Rohisoa caJls the " imaisMrM " of Cavendish and Blagden. 
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And in a written testimonial which he very kindly gave on the 
occasion of a trial at !aw against a piracy of my invention in 
1796-7, after giving a short account of the invention, he adds, 
'Mr. Wati vias the sole inventor of ilia capital improvement andom- 
trivance oiove-mentiorKd.' 

"Under this conviction of his candour and friendship, it is 
veiy painful to me to controvert any assertion or opinion of my 
revered friend ; yet in the present case I find it necessary to say, 
that he appears to me to have fallen into an error; and I hope, 
in addition to my assertion, to make that appear by the short 
history I have given of my invention in my notes upon Dr. Eob- 
ison's essay, as well as by the following account of the state of 
my knowledge previous to my receiving any explanation of the 
doctrine of Latent Heat, and also from that of tte facts which 
principally guided me in the invention. 

"It was known very long hefoce my time, that steam was 
condensed by coming into contact with cold bodies, and that it 
comniimicated heat to them. Witness the common still, &c., Ac. 

" It was known by some experiments of Dr. Cullen and otiers, 
tliat water and other liquids boiled in vacuo at very low heats : — 
water [at] below 100°. 

" It was known to some philosophers, that the capacity, or 
equilibriuJh of heat, as we then called it, was much smaller in 
mercury and tin than in water. 

" It was also known, that evaporation caused the cooling of 
the evaporating liquid, and [of] bodies in contact with it. 

"I had myself made experiments to determine the following 
(acts : — 

" 1st. The capacities for heat of iron, copper, and some sorts 
of wood, comparatively with water. Similar experiments had 
also subsequently been made by Dr. Irvine on these and other 
metals. 

" 2nd. The bulk of steam, as compared with that of water. 

" 3rd. The quantity of water which could be evaporated in 
a certain toiler by a pound of coals. 

"4th. The elasticities of steam at various temperatures 
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greater than that of boiling water, and an approximation ti 

law whuh it followed at otter temperatures. 

"5th How muih water m the form of steam, w 

every stroke bv a small Mewcomen's engme, with a wooden 

cylinder C inches diameter, and 12 inches long in the stroke. 
" 6th I had measured the quantity of cold water required in 

every stroke to condense the steam in that cylindpr bo as to give 

it a workmg power of about 7 Us on the mch 

" Here I was it a loss to understand hon so much coll water 

could be heated so much 1 y so 'iniall a quantitv in the fjrm of 

steam, and [I] appl ed to Hr Black as is related in the short 

history, p. 116, note and then first understood what was tailed 

Latent Heat, 

"But this tiieory though useful in determining the quantity 
of injection necessary where the quantitv of water evaporated by 
the boiler, and ufced Iv the cjhnder was known ind m deter 
mining, by the quantitj and heat of the hot water emitted by 
Newcomen's engines the quantity of steam required f o w rk them, 
did not lead to the improvements I afterwards made in tiie engine. 
These improvements proceeded upon the old-established fact, that 
steam was condensed by the contact of cold bodies,- and the later 
known one, that water boiled in vacuo at heats below 100°, and, 
consequently, that a vacuum could not be obtained nnless the 
cylinder and its contents were cooled, [atj every stroke, to below 
that heat. 

" These, and the degree of knowledge I possessed of the 
elasticities of steam at various Jieats, were the principal things it 
was necessary for me to consider in contriving the new engine. 
They pointed out that, to avoid useless condensation, the vessel 
in which the Btcaiu acted upon the piston ought always to be as 
hot as the steam itself: — that to obtain a .proper degree of 
exhaustion, the steam must be condensed in a separate vessel, 
which might be cooled to as low a degree as was necessary, 
without affectiag the cylinder ; and that, as the air and con- 
densed water could not be blown out by the steam, as in New- 
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oomen's, they must be extracted by a pump, or some other 
contrivance: — that, in order to prevent the necessity of using 
water to keep the piston air-tight, and also to prevent the air 
from cooling the cylinder during the descent of the piston, it was 
necessary to employ steam, to act npon the piston, in place of the 
atmosphere. Lastly, to prevent the cylinder from being cooled 
by the external air, it was proper to enclose it in a case contain- 
ing steam, and again to enclose that in a case of wood, or of 
some other substance which transmitted beat slowly. 

" Althongh Dr. Black's theory of latent heat did not suggest 
my improvements on the steam-engine, yet the knowledge upon 
various subjects, which he was pleased to communicate to me, 
and the correct modes of reasoning and of making experiments, 
of which he set me the example, certainly conduced very much 
to facilitate the progress of my inventions ; and I still remember, 
with respect and gratitude, the notice he was pleased to take of 
me when I very little merited it, and which continued throughout 
his life. 

" To Dr. Eobison I am also bound to aknowledge my obliga- 
tions for very much information and occasional assistance in my 
pursuits, and, above all, for his friendship, which ended only with 
his life ; a friendship \vhich induced him, when I was beset with 
an boat of foes, to come to London in the depth of winter, and 
appear as a witness for me in a court of justice, whilst labouring 
under an excessively painful disorder, which ultimately deprived 
him of life. To the remembrance of that friendship is principally 
owing my taking upon myself the office of his commentator at 
my advanced age. 

" May I request, Sir, that you and the public will permit that 
ago to be my excuse for any errors I may have committed, and 
for any deficiencies in the performance of an office which at no 
period would have been congenial to my habits ; and allow me to 
remain, with esteem, 

"Dear Sir, your most obedient humble servant, James 
Watt." 
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That the intellectual pleasure derived from the Bociety and 
convernation of Mr. Watt was of the very highest order, the 
united testimony of hie most intimate friends and associates 
sufficiently proves. " It \yas no wonder," as Eohison ohserved 
of an earlier stage of liis life, "that the attachment t M W tt 
was strong, when persons of every taste and every p t f mid 
in him an inexhaustible fund of instruction and e t t m nt 
Men of ali ranks shared freely in the benefits of h 1 aa 

well as in the enjoyment of his cheerful cordiality d 1 k to 
the humble artisan as to the aristocrat of rank and t 1 t th 
winged hours flew fast in listening to his word f dm 
delivered in the guise of easy, social, iinassuiaing I 

experienced much pleasure," says St. Fond, "in t g M 
Watt, whose extensive knowledge in chemistry d th t 
rendered his conversation very interesting. Hie m 1 q 1 1 
and the engaging manner in which he expressed his thoughts, 
daily increased my respect for him. * * Mr. Watt is a man 
of great conceptions. Nature has endowed him with a very 
vigorous mind, and to his other excellent qualities he joins the 
mildest and most prepossessing manners, which interest even at 
first sight."* 

To the very close of his life this li^ht of his burned steadily 
and br ^hfly — h as n tantly appl d t ] th — (an 1 th ir 
name wa. 1 gi ) — nh the had n nt d manned that 

they had n nt d m ban al ont an s f any n lly 
utility an I wh n turally w h 1 e th t obtam the t m 
of so exp n da judg t b p ak big fa ur and n u 

agemen W th th g at t and u admt ndscn ling 
kindne s h took pa ne t a t n u h p ns a an t th ir 
sanguine xp tat □ and al to xpla n t th m me f nda 
mental p n pi s n mechan wh h th y f to ft n had e 
lucked but wh h lay p hajs at the y th h Id f their 
inqniriee, and if Inly ns d ed m ht by t ppmg th irfu the 

• 'TraveU in Englaod.'-ed. 1799, vol. ii. pp. 841, B4T. 
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progress in a particular direction, prevent much Bubsequent vexi 
tion and loss of both time and money. 

Tims, to Mr. W. Mitchell, in 1800 ;— » I am favo re 1 w th 
your letter of tie 5tli, and am obliged to you for the mt mat onB 
it contains, none of which, however, are new to me, or seful d 
their present form. To give my reasons would make a longer 
letter than I have time or health for at present Eotitive motions, 
on the principles of the first and second you desi-nbe, haie been 
tried and abandoned many years ago. The third (the flpiral) is 
not practicable as you have drawn it, and would he attended with 
considerable disadvantages in any way ; (it oan only make half 
. a revolution for each stroke of the engine) A more perfect 
application of that principle is contained in the specifl(.ation of 
my pat«nt in the year 1781. In respect of the fuurth miention, 
we use no racks or toothed sectors now ; they are had thmg*: , the 
method we use is much preferable, (which you may see at any of 
our engines.) In genera), no rotative motion will answer well 
that requires the piston to move with equal velocity in every part 
of the stroke, and a common crank ia nearly the hest which has 
been yet contrived, or, perhaps, may ever be. I do not by what 
I have said mean to discourage you from paying paxticular atten- 
tion to the subject ; your ideas are ingenious, and by further 
experience you may think upon better things. I thank you for 
your attention to me, and the deference you express to my opinion, 
and think it my duty to set you right in a matter which might 
lead you into fruitless and expensive experiments." 

So also, to the Kev. W. J. Hees, in 1810, in answer to an 
announcement of "a machine, or rather engine, lately discovered 
by a friend, an ingenious clergyman of this county, that gives 
motion to itself, and can comiaunicate motion with imiaense 
power to any machinery to which it may he applied; or which 
may be described as an engine generating perpetual motion, with 
as great a quantity of power as to supersede the necessity of all 
other expedients i" (!) he writes, — "I am favoured with your 
letter of the 15th instant. I have several years ago entirely 
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withdrawn from business, and am now a very old man, bo that I 
can be of no use to yonr friend as an associate or patron. * * 
I hope yourself and your friend will excuse my incredulity, but I 
have very long been satisfied that there can be no such thing on 
earth as a perpetual motion, generated in the machine itself, 
without the expenditure of some external power or cause of 
motion. All the known elements have, as I believe, been already 
applied to machinery, and yon do not infer that your friend has 
discovered any new one. It is possible that he may be deceiving 
himself, and I would therefore recommend to him, before he pro- 
ceeds further, to make a working model of his machine, on as 
large a scale as he can, and from it to calculate the power and 
the probable expense of exciting it, and not to take any other 
steps in the business until he is satisfied he is in no mistake. * * 
" I should have very great reluctance to be made the deposi- 
tary of the secret of any invention which is not secured hy pateat. 
Should the invention not meet my approbation, it would lay me 
nnder the disagreeable necessity of speaking my eentiments upon 
it, which might he construed as dictated by interested motives ; 
or, if the secret got abroad by other means, I might be blamed 
for it. Yet, on the other hand, the inventor might be benefited 
by my advice, the fruit of fifty years' experience in mechanics. 
On the whole, I wish to decline the confidence ; but if I can give 
any useful advice, without a full confidence, I shall be glad to be 
of use to any ingenious man. If your friend will answer me hy 
letter the following questions, it may save him the coming here, 
should he, after what I have said, think that proper. Is there no 
expenditure of any power or agent extraneous to the machine 
itself? and, if so, what may be the expense in money to enable 
the machine to raise 30,000 cubic feet of water 1 foot high? Is 
that extraneous agent any of the known powers or elements 
which have been employed to raise water, or give motion to ma- 
chines, such as fire, water, steam, air, or animal force? Is the 
machine itself complicated or expensive % I feel myself very 
much obliged by the confidence which you have been plea,sed to 
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repose in me, and sliaU endeavour always to merit yotir good 
opinion." 

To the extravagant vagaries which occasionally were sug- 
gested to bin) by such, projectors, there really were no limits ; as 
when one author, in forwarding to him what he calls his "hook 
on philosophy," observed: — "If the popular or Newtonian system 
of causes of mundane phenomena and motions are facts, and 
things are actuated by them as principles, I really am not con- 
stituted to hear, see, feel, or comprehend like other persons," A 
conclusion of the learned writer, the justice of which, (although 
not exactly in the sense in which he intended it,) probably none 
of our readers will be disposed to deny! 

Of another project that was submitted to him about the same 
time as the clerical engine generating perpetual motion, which 
was to supersede al! other expedients, we must speak with far 
greater respect. This was Mr. E. L. Edgeworth's idea of making 
a cftst-iron tunnel across the Menai Strait, instead of the plan 
Mr. Eennic had then proposed of a bridge. " Our old friend," 
[Mr. Edgeworth,] says Mr. Keir in December, 1810, referring to 
this subject, "rides his hobhy-horse (Mechanics, &c.) with the 
same spirit that he did forty years ago." " My scheme is," says 
Mr. Edgeworth,* " to join tte parts of ray fourteen-feet cast-iron 
cylinders in one curve, in a dry dock opening into the Menai ; 
when the joints were sufficiently secured, the whole — let the 
length be what it might — would float when both, its mouths were 
above water. When properly ballasted, I would open the flood- 
gates of the dock, tow the tunnel into the river near the junction 
of the opposing tides, and sink it upon a bed, previously con- 
structed, fay large stones thrown into the water, so as to form two 
walls 16 feet asunder, filled with sand thrown between them, and 
supported by a talus of large stones extending to a considerable 
distance on each side of . the walls. I do not suppose that these 
walls would, at an average, exceed 5 feet high. Secondly; — 

• To Mr. Watt, 6th January, 18H. 
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There is sufficient depth for vessels to pass over such a tunnel 
during neap-tides. Lastly ;— I do not believe that rocks or large 
Stones are driven by the junction of the tides. If they are, it is 
a serious objection, and most certainly I would not propose any- 
tbiog till I jvas master of this part of the subject. As to the 
expense, I suppose that it is not difficult to mate a tolerable 
estimate. The tunnel would cost, at 30/. per foot, running, for 
1000 feet, onlySOjOOOi. Say 50,000i.-— it would hear but a 
Email proportion to the expense of a bridge, which is stated at 
250,000^- No scaffolding or centres will be wanting ; and if it 
were determined that rocks are not carried by tides or storms 
through the channel, and if, as appears by Mr. Eennie's report, 
there is stil! water, at times, where the east and west tides meet, 
I do not see any great difficulty that could prevent this vast 
buoyant mass from floating gently to the place of its destina- 
tioD, nor in its being gradually sunk upon its bed in security. 
The length of the machine will [not] exceed three times the 
length of [a first-rate] man-of-war. Your very sincere and very 
old friend, Richakd Lovell Edqeworth." 

"I admire your scheme," replied Mr. Watt, "of putting the 
tunnel together in a dry dock, and floating it into its place ; hut 
would not the constniction of such a dock prove very expensive'? 
and would not there be great- risk of breaking some of the joints 
or pipes in floating it out, or in laying it upon its bed of sand? 
which latter would be with difficulty made of the same form as 
the tunnel. 

" I believe no pipe or cylinder of 14 feet diameter has ever 
been cast of any considerable length, such as 9 feet, nor have I 
heard of any, even of 3 feet long, beyond 8 feet diameter. They 
miist therefore, as I apprehend, be made in panels, 6 or 8 in the 
circumference, which infers many joints, flanches, and screws, 
besides fitting, which is very expensive. Should any part or joint 
fail after it is under water, repairs seem to me nearly impractica- 
ble, except by fishing up the whole. Cast-iron is not perfectly 
impervious to water when under considerable pressure. B., W., 
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and Co. lined a coal-pit 20 fathoms deep with cast-iron c 
IJ inch thick, in panels, I heheve, and the water in many places 
sprang through the iron where it was apparently solid, 8ea-water 
acta npon cast-iron wilhont dissolving it, so as to change its 
nature, and to make it more resembling a brittle stone than iron. 
Bullets fished up out of the Spanish Armada ship, {sunk at the 
island of Mull,), at the beginning of the last century, were so 
soft as to be cut with a knife ; and I have seen pumps at Wheal 
Virgin mine, in Cornwall, that by the vitriolic water had, in six ' 
years, been reduced to that state. In fresh water it lasts long. 

" The expense of such a tunnel I cannot compute, though I 
believe there are ingenious founders in England who could, so 
far as the castings were concerned; but that, I should fear, would 
be the least part of it. 

"The tunnel should be laid so low, that vessels, such as fre- 
quent that Strait, could pass over it at low water, or at least at 
any time of the tide that would serve them to come to it, other- 
wise some unlucky vessel might make a hole in it. I could not 
hope that the tunnel could be made so tight but that it would 
take in some water; therefore pipes should be laid within it, and 
an engine prepared to take out that water as it came in. There 
are other objections, some of which must have occurred to you, 
and I would trust to your ingenuity being able to obviate them. 
On the whole, my opinion remains unchanged, that if such a 
work is not impracticable, it would be extremely hazardous, and 
what I could not wish any friend of mine to engage it. 

" I trust in your candour to pardon the freedom with which I 
criticise the scheme. I should consider myself unpardonable, 
holding the opinions I do, if I disguised them to you. Should 
you think them not valid, you must place them to the caution of 
age and my regard for you. I can have ^o other interest in dis- 
suading you from it." 
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The wonderful memory of Mr. Watt, at once comprehensive and 
tenacious; — his judgment, as clear as it was sound; — and the 
charms of his conversation, which captivated all listeners with its 
"Divine philosophy," — seem never to have failed on this side of 
the grave: — a blessing seldom accorded to men of his advanced 
age, and not more rare than enviable. If his life opened amid 
clouds and storms, it was destined to close in sunlight and calm ; 
in his peaceful retirement he had found a refuge, whence he could 
bid farewell alike to the illusions of Hope and the uncertainties 
of Fortune. He had gained for himself a most honourable place 
and name among the greatest and worthiest of mankind ; he had 
"permanently elevated the strength and wealth of this great 
empire ; and during the last long war, his inventions and their 
application were among the great means which enabled Britain 
to display power and resources so infinitely above what might 
have been expected from the numerical strength of her popu- 
lation." * Thus, in happy quiet, he reaped his large harvest of 
"laurels never sere." 
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" His friends," says Lord Jeffrey, speaking of a visit which 
Mr. Watt paid to Scotland, when upwards of eighty, " in that 
part of the country, never saw him more full of intellectual 
vigour and coIlc>quial animation, never more delightful or more 
instructive," " It was then, also, that Sir Walter Scott, meeting 
him, wrote:— "There were aasembied about half a score of our 
Northern Lights. * * Amidst this company stood Mr. Watt, 
the man whose genius discovered the means of multiplying our 
national resources to a degree perhaps even beyond his owq 
stupendous powers of calculation and combination ; bringing the 
treasures of the abyss to the summit of the earth— giving the 
feeble arm of man the momentum of an Afrite — commanding 
manufactures to arise, as the rod of the prophet produced water 
in the desert — affording the means of dispensing with that time 
and tide which wait for no man — and of saUing without that 
wind which defied the commands and threats of Xerses himself. 
This potent commander of the elements — this abridger of time 
and space— this magician, whose cloudy machinery has produced 
& change on the world, the effects of which, extraordinary as 
they are, are, perhaps, only now beginning to be felt — was not 
only the most profound man of science — the most successful com- 
biner of powers, and calculator of numbers, as adapted to prac- 
tical pui-poses — was not only one of the most generally well- 
informed, but one of the best and kindest of human beings. 

" There he stood, surrounded by the little band I have men- 
tioned of Northern literati, men not less tenacious, generally 
speaking, of their own fame and their own opinions, than the 
national regiments are supposed to be jealous of the high char- 
acter wliich they have won upon service. Methinks I yet see and 
hear what I shall never see or hear again. In his eighty-second 
year, t the alert, kind, benevolent old man, had his attention 
alive to every one's question, his information at every one's 
command. 

ir of Watt ;■ see p. 408, infra. 

■e have ventured to corteci. 
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"His talents and fancy oyerflowed on eveiy subject. One 
gentleman was a deep philologist,— he talked with him on the 
origin of the alphabet as if he had been coeval with Cadmua ; 
another a celebrated critic, — you would have said the old man 
had studied political economy and belles-lettres all his life ; — of 
science it is unnecessary to speak, it was his own distinguished 
walk. And yet, Captain Clutterbuck, wh n h puk w'th y 
countryman, Jedediah Cleishhotham, yon ul 1 ha w n h 
had been coeval with Claver'se and Burley h h pe a 

and persecuted, and could number every h h 1 a ha 1 

fired at the fugitive Covenanters. In fact 1 1 h n 

novel of the least celebrity escaped his p uaal and h h 
gifted man of science was as much addio 1 Ii j d n 

of your native country, in other words, as sham I and h ina 
a peruser of novels, as if he had been a y mUl n app n 
tice of eighteen." * 

A passage - cif kindred interest, and, although less commonly 
adverted lo, scarcely, we think, less striking to those who study 
the manners of great minds, occurs in Mr. Lockhart's Life of his 
illustrious connexion ; where he says, " Scott never considered 
any amount of Uterary distinction as entitled to be spoken of in 
the same breath with mastery in the higher departments of prac- 
tical life. • * To have done things worthy to be wfitten was, 
in bis eyes, a dignity to which no man made any approach who 
had only written things worthy to be read. He, on two occa- 
sions, which I can never forget, betrayed painful uneasiness when 
his works were alluded to as reflecting honour on the age that 
had produced Watt'a improvement of the steam-engine, and the 
safety-lamp of Sir Humphry Davy. Such was his modest creed." f 

We believe that Sir Walter could not possibly have felt a 
more profound reverence for the mighty labours of the great 
mechanical engineer, than Mr. Watt did for the magical powers 
of the glorious novelist and poet. 
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Compare the picture drawn by so perfect a master of his art 
a3 Sir Walter, with the following vigorous sketch, for which we 
are indebted to a less-practised feminine hand. If its features 
are scarcely so finished, its outlines seem scarcely less broad and 
forcible; and we believe the likeness which it expresses to be,- — 
we cannot say more, — as striking and true. "He was one of the 
most complete specimens of the melancholic temperament. His 
head was generally bent forward or leaning on his hand in medi- 
tation; his shoulders sfaoping and his chest falling in, his limbs 
lank and unmuscular, and his complexion sallow. His intel- 
lectual development was magnificent ; comparison and causality 
immense, with large ideality and constructiveness, individuality, 
and enormous concentrativeness and caution. Whilst Mr. Boul- 
ton's eye and countenance had something of radiance, Mr. Watt's 
were calm, as if patiently investigating, or quietly contemplating 
his object. His utterance was slow and unimpassioaed, deep and 
low in tone, with a broad Scottish accent ; his manners gentle, 
modest, and unassuming. In a company where he was not 
known, unless spoken to, te might have tranquilly passed the 
whole time in pursuing his own meditations. But this could not 
well happen ; for in point of fact everybody practically knew the 
infinite variety of his talents and stores of knowledge. When . 
be entered a room, men of letters, men of science, nay, military 
men, artists, ladies, even little children thronged round him. I 
remember a celebrated Swedish artist having been instructed by 
him that rats' whiskers make the most pliant painting hrushes ; 
ladies would appeal to him on the best means of devising grates, 
curing smoking chimneys, warming their houses, and obtaining 
fast colours. I can speak from experience of his teaching me 
how to make a dulcimer and improve a Jew's barp." * Mrs. 
SchirameiPenninck adds, "Mr. Watt was ever ready to give 
information, even to the most ignorant ; and often do I remember 
bis calling me to sit npon his knee, whilst he explained the dif- 

• ' Aatobiographj Of Mary Anne SchimnwIPettDLDCk,' pp. 40, '41. 185S. 
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ferent principles of the hurdy-gurdy or monochord, the harp, and 
the piano ; or the constTuction of a simple whistle, or Pan's-pipe, 
or of aa organ ; but he never failed to tell me, that the huidy- 
gurdy was the most venerahle in point of antiquity, being no other 
than aa adaptation of the celebrated monochord of Pythagoras." 
Among the many "celebrities" who, in the last years of its 
master, visited the retirement of Heathfleld, (a small estate near 
Birmingham and Soho, which Mr. Watt had purchased in 1789, 
and on which he afterwards usTially resided,) was the Countess 
Eumford ; with whom, as Madame Lavoisier, Mr. Watt had made 
friendly acquaintance on his first visit to Paris. It is curious to 
observe how much scientific history of "'tis sixty years since," is 
epitomised in that lady's surrender, and subsequent transfer, of 
her affections ; as well as in one, at least, of her intermediate 
refusals so to transfer them. In the dawn of her youth and 
beauty she was happily married to Lavoisier ; and, in the noon- 
tide of his great reputation, made more than half the charm of 
his delightful home. But that tie having been too early severed 
by his dreadful death at the hands of the Kevolutionists, she 
chose to marry, " en secondes noces," Thompson Count Eumford, 
and did no( choose to marry Dr. Blagden. " Cavendish," says 
I Lord Brougham, "having fonned a high opinion of Dr. {after- 
wards Sir Charles) Blagden's capacity for science, settled a con- 
siderable annuity on him, upon condition that he should give up 
his profession and devote himself to philosophy ; with th^fonaer 
portion of which condition the Doctor eom.plied, devoting himself 
to the hopeless pursuit of a larger income in ■ the person of La- 
voisier's widow, who preferred marrying Count Eumford." • 

, "Watt himself," says Thomas Campbell, 'the Bard of Hope,' 
writing in February, 1819, "is now eighty-three; but so full of 
anecdote that I spent," (in TiiB company at Heathfield,) "one of 
the most amusing days I have ever had with a man of science 
and a stranger to my own pursuits." t 
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And itt the summer of tlie same jear, Lord Brougham, found 
Mr. Watt's instructive conversation, and his lively and even play- 
ful manner, unchanged. * 

In 179i, Mr. Watt lost his old patron and associate Dr. Eoe- 
buck; in 1799, Hs dear friends Black and Withering; in 1802, 
Darwin "of the silver song," "almost his most ancient acquaint- 
ance and friend in EngUnd." The account which Dr. Eobison 
sent him of the death of Dr. Black is striking and intercst- 
ing:t-^"Colonel Burn.ct has devolved on me the mournful task 
of informing you of the loss of your dear friend Dr. Black, who 
died last Friday. Knowing how severely you must feel this long 
expected stroke, I should hardly have accepted of the unpleasant 
office, were it not in my power to tell you that his end was such 
as his most affection tfndcoll h — tht g ad 

without warning. Jh t h 1 t i his 1 ttl d ner 

before him, while 1 bits th t m b j for 

warming his mess. S m tmi ft g tl m 13 d the 

servant opened the loo d 1 1 ra tl D t tt ng 

as usual," *• hh tEhb flk his 

knees, supported hj ! d th tl 1 th m of 

the chair, and his chi t h b t 1 lly lept 

after dinner." J* Hmd dJhtUthe 

gentleman that hi t I i ddirlhmtall 

again; and then wtd tra Bt, lltgtht the 

Doctor had scarcelj 1 1 tun t p p d t his 1 tt! m ss, 

and that he never 1 d b d h f !I 1 p t d bef re, 

he went up again, p I th doo d t f rw d till he 

could Bee his master's face. He saw him with his eyes shut, and 
having his basin of milk, standing between his thighs, supported 
by his right hand. Thinking him asleep, and the milk in no 
danger of spilling, he went back again, and shut the door. 

• 'Lives of Men of Science ond Lelkra of the Reigti of George III.,' 
vol. i. p. 385. 

t lltb December, 1T99. 
t 18Ui December, 1789. 
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"But as he was going down stairs, his heart misgave him, 
and he returned, and came forward, and called him by name 
pretty loud : — got no answer. He then took hold of his hand, 
and felt all cold : — in short, ' found,' as he said, ' that his poor 
master had given over liemg.' The hasin waa not fully supported 
hy its position, and was really kept up by Dr. Black's hand. 

"What an enviable close of life to every man I and to onr 
dear friend it was inestimable. You know that his mmd was 
elegance itself. He sometimes hinted his uneaauie^s at the 
thought of becoming silly, or sloienlj, or squahd, and e\en of 
the last struggle of life ; and could not bear the thought of any 
indecency of conduct or appearance His tush was lompletely 
gratified, for life must have ceased without a pang The servant 
told me that for an hour there was not anj change ob&er\able on 
his couDtenance. Had skilful people been about him, that sweet 
countenance might have been presencd When I &vk him nest 
morning, the lips had been allowed lo Lontract 

" Dr. Black had been in remarkably good spirits ever since 
the beginning of autumn, and was as busy as a man hinging by 
his slender thread could be. He was siheming a new liboratory, 
to be built by subscription, of whit-h he was to be the contrner 
and the architect ; and he never was without some gentle occupa- 
tion. Elegance and propriety modelled every thought, and lua 
every sketch has a beauty which would be highly prized il found 
at Herculancum, Quando ullum mvenimnus parent?" * * "Any 
extravasation in the lungs must have provoked a cough, or a wry 
face, or caused some movement. Mr. George Bell, who saw him 
within five minutes after his death, (for the servant had seen him 
alive about that time before,) tells me that there was not the 
smallest appearance of his having had an uneasy sensation. He 
thinks that it was a paralytic affection of the diaphragm, of 
which the Doctor twice befoie complained to his father, saying that 
'he had caught himself forgetting to breathe.' The heart, beat- 
ing but feebly, ceased at the first omission of a stimulus from the 
pulmonic vein, (I think it is called.) I have heard that Colonel 
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Townahend died in one of his eshiliitions of stopping his heart, 
and that it was without the least struggle. So departed our 
friend." * • "When I returned from London, at the account 
which I gave him of your triumph over Hornblower and Co. he 
was delighted, even to tears. He said, 'It is very foolish, hut I 
can't help it, when I hear of anything good to Jaraie Watt.' " 

" Like you, I may say," replied Mr. Watt, " to him I owe in 
great measure my heing what I am ; he taught me to reason and 
experiment in natural philosophy, and was always a true friend 
and adviser, whose loss will always be lamented whUe I live. 
We may all pray that our latter end may be like his ; he has, 
truly, gone to sleep in the arms of his Creator, and been spared 
all the regrets attendant on a more lingering exit. I could dwell 
longer on this subject, but regrets are unavailing, and only tend 
to enfeeble our own minds and make them less able to hear those 
ills we cannot avoid. Let us cherish the frieads we have left, 
and do as much good as we can in our day ! " 

Dr. Black's fortune amounted to about 20,000/., and in the 
disposal which he made of it among his very numerous relatives, 
he was true to the habits which chemistry had taught him, of 
minute and exact division ; for, the better to enable himself to 
make the apportionment with due attention to the precise wants 
and just claims of each of his intended legatees, he divided the 
whole sum into 10,000 shares, and parcelled them out in what 
was said at the time to be a most unexceptionahle manner- 

In 180i, Mr. Watt's iavourite son Gregory, the charms of 
whose presence and extraordinary talents were the ornament and 
. pride of his race, languished and died of that insidious disease 
which so often destroys the most accomplished and the most 
lovely; and it was long ere the old man's feelings recovered their 
wonted tranquillity, which this severe blow had deeply disturbed. 
The loss of his early and ingenious companion Professor Eohisoa 
in 1805 ; of Dr. Beddoes in 1808 ; of Mr. Boulton in 1809 ;* 
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of his "dearfnend" Dr. Patrick "Wilson in 1811, and of DeLuo 
in 1817, (at the great age of 93,)* as well aa of many others who, 
tiiough less known in the fields of science, were not less honoured 
by his cordial attachment, caused him emotions of sorrow to 
which he has repeatedly given utterance. " By one friend's with- 
drawing after another," he felt himself " in danger of standing 
alone among strangers, the sons of later times;" but such events 
were calls to him also to be ready, and such calls he habitually 
acknowledged and obeyed. "We cannot help feeling," he writes 
to Mr. Boulton,f " with deep regret, the circle of our old friends 
gradually diminishing, while our ability to increase it by new 



these terms :—" In 1774^, I commeooed a parinerehip ivith Mr. Boulion, which 
termiDated with the eiclosiTe privilege in the year ISOO, when I retired from 
business; but our friendship continued undiminished to the close of his life. As 
a memorial due to that friendship, 1 aTail myself of this, probably a last public 
opporfunity, of stating, that to his friendly encouragcmenf, to his pardalitj for 

art : to hia intimate knowledge of business and manufactures, and to his ex- 
tended Tiewsand libera! spirit of enterprise, must in a great measure be ascribed 
whatever success may have attended my eiertioiis." 

The same lady who has so well sketched the mien and deportment of Mr. 
■Walt, has left the following equally graphic description of Mr. Bonlton;— "He 
was tall and of a noble appearance; Ms temperament was sanguine, with that 
slight mixture of the phlegmatic which imparts calmness and dignity; his 
manners were eminently open and cardial ; he took the lead in conversations, 
and with a social heart had a grandioie manner like that arising from position, 
wealth, and habitual command. He went among his people like a monarch 
bestowing largess." Many anecdotes have been preserved of his highly upright 
and honourable feelings, as well as of his liberality and kindness to all whocam? 
within the circle of hia influence; and it was tmly said of "the princely Boul- 
ton," thai " ha dignified the name of a British manufacturer."—" His fbcehead 
was magnificent ; the organs of comparison, constructiveness, and of individuality 
were immense." • * " Amongst those distinguished men, Mr. Boulton, by his 
noble maniiers.fais fine countenance, (which much resembled that of Louis XIV.), 
and princely munificence, stood pre-eminently as the great Maecenas." 

• On what appears to have been Mr. Watt's last visit to him at Windsor, in 
July, 18X1, he says he saw " poor Mr. De Luc, who cannot stir from hia bed 
without belp, but can eit and write, in which he occupies himself C( 
His memory aod faculties seem entire. * * His present work 
his travels on the coasts of the Baltic." 

t 23rd November, 1802. 
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ones 18 equally diminished ; but perhaps it is a wise dispensation 
of Providence so to diminish our eojoymeiits in this world, t!\at 
when our turn comes we may leave it without regret." So, eight 
years later, to another correspondent,* " I, in particular, have 
re^on to thank God that he has preserved me so well as I am, 
to so late a period, while the greater part of my contemporaries, 
healthier and younger men, have passed 'the hourne from which 
no traveller retarns.' It is, however, a painful contemplation to 
see so many who were dear to us pass away before us ; and our 
consolation should be, that as Providence has pleased to prolong 
our life, we bIxouH render ourselves as useful to society as we can 
while we live." And again, when scventy-siz years of age,t " On 
these subjects I can offer no other consolations than what are 
derived from religion : they have only gone before us a little while, 
in that path we all must tread, and we should be thankful they 
were spared so long to their friends and the world." i^ 

When, in the autumn of 1819, an illness of no great apparent 
severity, — but which also proved to be of no very long duration, — 
caused some little anxiety to Mr, Watt's friends, it was soon 
recognised by himself, with devout resignation, as the messenger 
sent to summon him away. In contemplation of the solemn event 
which he perceived was certainly approaching;, he calmly con- 
versed on that and other subjects with those around him; and 
expressed his gratitude to the Giver of All Good, who had so 
signally prospered the work of his hands, and blessed him with 
length of days, and riches, and honour. 

On the 19th of August, at his own house at Heathfield, he tran- 
quilly expired ; and, amid the reverent sorrow of all classes of 
men, his remains were interred in the parish church of Hands- 
worth, near those of his eminent and venerable associate, Mr. 
BotJton. 

M. Arago, one of the moat UKCompromising, though, at the 
same time, the most pure-minded and amiable of republicans, has 

• 12th Julj, 1810. t JunuttiT, 1812. 
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expressed, in his ' Eloge,' great and rather indignant surprise 
that "it was not even proposed to make Watt a Peer." The 
English Government was not altogether unmindfiil of the merits 
of Mr, Watt ; and it was intimated to him, hy a friendly message 
from Sir Joseph Banks, a few years before his death, that the 
highest honour usually conferred in England on men of literature 
and science, — (that of a Baronetcy), — was open to him, if he chose 
to express a wish to that effect. He felt flattered by the intimation, 
but on conversing with his son, it occurred to both, that there 
were circumstances and consideratioDs which rendered it ineligible. 
. Not long after Mr. Watt's death, it was understood that Lord 
Liverpool had publicly expressed regret, that a great opportunity 
of rewarding merit had been lost. That such were the sentim.ent8 
of the King, (George IV.), and of the able men who then formed 
the ministry, became evident from the eagerness with which they 
entered into the proposal of erecting a public monument to the 
memory of Mr. Watt, when suggested by his friends, among 
whom Mr- Charles Hampden Turner took the lead. At the 
meeting at which provision was made for effecting that national 
object, the Prime Minister of the Crown occupied the chair, and 
announced that he was commanded by the King to say that he 
was most deeply sensible of the merits of Mr. Watt ; that he 
was most anxious that there should be no subscription in testi- 
mony of such services in which his name should not appear ; and 
that he was authorised to put down his Majesty's name for 500^, ; 
while a Huskisson, a Peel, an Aberdeen, and a Brougham, vied 
with a Davy, a Mackintosh, a Wilherforce, and a Wedgwood, in 
expressing their sense of the value of the magnificent inventions 
with which the name of Watt was associated. " A meeting more 
distinguished by rank, station, and talent," — as it was truly 
remarked at the time, — " was never assembled to do honour to 
genius, and to modest and retiring worth ; and a more spontane- 
ous, noble, and discriminating testimony was never home to the 
virtues, ttdents, and public services of any individual, in any age 
or country." To be so honoured by those most full of honour, 
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and praised by the most praiseworthy, seeme to leave nothing 
more to be desired in tbe way of posthumous fame, of private 
respect, or national esteem. 

The tribute wMch a grateful nation has since paid to his 
memory is thus testified not only by those monmnents which in 
other places throughout the kingdom his countrymen have set up, 
but also by the colossal statue, from the chisel of Chantrey, 
erected in Westminster Abbey. The inscription is as follows : — 



JAMES WATT 



Lord Brougham's composition has, indeed, attained the dis- 
tinction of being declared "beyond all comparison tbe finest 
lapidary inscription in the English language," and is said by the 
same authority to have, " among its other signal merits, one 
which appertains rather to its subject than its author, that, lofty 
.as is the eulogy, every word of it is true." * 

The filial piety of the late Mr. Watt of Aston Hall has liber- 

« ' Qnarlerly Beyiew,' vol. CIT. p, «l. 1853. 
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ally and judiciously multiplied those noble statues of hia father, 
which have been justly regarded as Ohantrey's greatest works. 
Thus the Town of Greenock, the University of Glasgow, and the 
Church of Handsworth, each possesses one of those exquisite 
pieces of memorial sculpture, truthfully portraying to distant ages 
the mild, thoughtful, and venerable features of the patriarchal 
Bage, and with silent but impressive eloquence commemorating 
the hii'th, the life, the inventions, and the death of James Watt. 
" This name," wrote Lord Jeffrey, on receiving the first intel- 
ligence of the death of his venerated friend, — and the portraiture 
he then rapidly drew will always remain unsurpassed in fidelity 
and power, — "fortunately needs no commemoration of ours; for 
he that bore it survived to see it crowned with undisputed and 
unenvied honours ; and many generations will probably pass away 
before it shall have gathered 'all its fame.' We have said that 
Mr. Watt was the great improver of the steam-engine ; but, in 
truth, as to all that is admirable in its structure, or vast in its 
utility, he should rather be described as its inventor. It was 
by his invenfiona that its action was so regulated t m k 't 
capable of being applied to the finest and most del at m n fa 
tnres, and its power so increased, as to set weight and 1 d t at 
defiance. By his admirable contrivance, it has b co n a th n{, 
stupendous alike for its force and its fiesibility, — t th p d 
gious power which it can exert, and the ease, and p ec n nd 
ductility, with which it can he varied, distribute 1 ani appl d 
The trunk of an elephant, that can pick up a pin nl an k 

is as nothing ta it. It can engrave a sea!, and c u h ma s f 
obdurate metal before it, — draw out, without breaking, a thread 
as fine as a gossamer, and lift a ship of war like a bauble in the 
air. It can embroider muslin and forge anchors, — cut steel into 
ribbons, and impelloaded vessels against the fury of the winds and 

" It would be difiicult to estimate the value of the benefits 
which these invcntioDs have conferred upon this country. There 
is no branch of industry that has not been indebted to them ; 
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a all the most material, they have not only widened moat 
y the field of its exertions, but multiplied a thousand- 
fold the amount of its productions. It is our improved steam- 
engine that has fought the battles of Europe, and caalted and 
sustained, through the lat« tremendous contest, the political 
greatness of our laad. It is the same great power which now 
enables us to pay the interest of our debt, and to maintain the 
arduous struggle in which we are still engaged, [1819], with the 
skill and capital of countries less oppressed with taxation. But 
these are poor and narrow views of its importance. It has 
increased indefiaiteiy the mass of Jiuman comforts and enjoy- 
ments, and rendered cheap and accessible, all over the world, the 
materials of wealth and prosperity. It has armed the feeble 
hand of man, in short, with a power to which no limits can be 
assigned ; completed the dominion of mind over the most refrac- 
tory qualities of matter ; and laid a sure foundation for all those 
future miracles of mechanic power which are to aid and reward 
the labours of after generations. It is to the genius of one man, 
too, that all this is mainly owing ; and certainly no man ever 
bestowed such a gift on his kind. The blessing is not only 
universal, but unbounded ; and the fabled inventors of the plough 
and the loom, who were deified by the erring gratitude of their 
rude contemporaries, conferred less important benefits on man- 
kind than the inventor of our present steam-engine. 

" Thi 'II b th f me of Watt with future generations ; and 
it is sufGc nt f h and his country. But to those to whom 

he more m n hat ly b longed, who lived in his society and 
enjoyed hi n t n t is not, perhaps, the character in which 
he will b m t f eq n ly recalled, — most deeply lamented, — or 
even most h ghly adro d. Independently of his great attain- 
ments in mechanics, Mr. Watt was an extraordinary, and in many 
respects a wonderful man. Perhaps no individual in his age 
possessed so much and such varied and exact information, — Lad 
read so much, or remembered what he had read so accurately and 
well. He had infinite quickness of apprehension, a prodigious 
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memory, aad a certain rectifying and methodising power of 
understanding, which extracted something precious out of all 
that was presented to it. His stores of miscellaneous knowledge 
were immense, — and yet less astonishing than the eommand he 
had at all times over them. It seemed as if every suhject that 
was casually started in conversation with him, had been that 
which he had heen last occupied in stud3^g and exhausting ; — 
such was the copiousness, the precision, and the admirable clear- 
ness of the information which he poured out upon it without 
effort or hesitation. Nor was this promptitude and compass of 
knowledge confined in any degree to the studies connected with 
Lis ordinary pursuits. That he should have been minutely and 
extensively skilled in chemistry and the arts, and in most of the 
branches of physical science, might perhaps have been conjec- 
tured ; but it could not have been inferred from his usual occu- 
pations, and probably is not generally known, that he was 
curiously learned in many branches of antiquity, metaphysics, 
medicine, and etymology, and perfectly at hom.e in all the details 
of architecture, music, and law. He was well acquainted, too, 
with most of the modem languages, — and familiar with their 
most recent literature. Kor was it at all extraordinary to hear the 
great mechanician and engineer detailing and expounding, for 
hours together, the metaphysical theories of the German logicians, 
or criticising the measures or the matter of the Grerman poetry. 

"His astonishing memory was aided, no doubt, in a great 
measure, by a still higher and rarer facalty, — by his power of 
digesting and arranging in its proper place all the information 
he received, and of casting aside and rejecting, as it were instinct- 
ively, whatever was worthless or immaterial. Every conception 
that was suggested to his mind seemed instantly to take its place 
among its other rich furniture, and to be condensed into the 
smallest and most convenient form. He nevgr appeared, there- 
fore, to be at all encumbered or perplexed with the verbiage of the 
duU books he perused, or the idle talk to which he hstened ; but 
to have at onc« extracted, by a kind of intellectoal alchemy, all 
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that wag worthy of attention, and to have reduced it, for his own 
use, to its true value and to its simplest form. And thus it often 
happened, that a great deal more was learned from his brief and 
vigorous account of the theories and arguments of tedious writers, 
, than an ordinary student could ever have derived from the most 
painful study of the originals, — and that errors and absurdities 
became manifest from the mere clearness and plainness of his 
statement of them, which might have deluded and 
of his hearers without that invaluable assistance. 

" It is needless to say, that, with those vast i 
conversation was at all times rich and instructive in no ordinary 
degree ; but it was, if possible, still more pleasing than wise, and 
had aU the charms of familiarity, with all the substantial treas- 
ures of knowledge. No man could be more social in his spirit, 
less assuming or fastidious in his manners, or more kind and 
indulgent towards all who approached him. He rather liked to 
talk, — at least in his latter years ; but though he took a con- 
siderable share of the conversation, he rarely suggested the topics 
on which it was to turn, but readily and quietly took up what- 
ever was presented by those around Mm, and astonished the idle 
and barren proponnders of an ordinary theme, by the treasures 
which he drew from the mine they had unconsciously opened. 
He generally seemed, indeed, to hare no choice or predilection 
for one subject of discourse rather than another; but allowed his 
mind, like a great cyclopiedia, to be opened at any letter his 
associates might choose to turn up, and only endeavour to select, 
from his inexhaustible stores, what might be best adapted to the 
taste of his present hearers. As to their capacity he gave himself 
no trouble ; and, indeed, such was his singular talent for making 
all things"plain, clear, and intelligible, that scarcely any one 
could be aware of such a deficiency in his presence. His talk, 
t«o, though overflowing with inibrmation, had no resemblance to 
lecturing or solemn discoursing, but, on the contrary, was full of 
colloquial spirit and pleasantry. He had a certain quiet and 
grave humour, which, ran throsgh most of his conversation, and 
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a vein of temperate jocularity, which gave infinite Best and effect 
to the condensed and inexhaustible information which formed its 
main staple and characteristic. There was a little air of affected 
testiness, and a tone of pretended rebuke and contradiction, with 
which he used to address his younger friends, that was always 
felt by them as an endearing mark of his kindness and familiar- 
ity, — and prized accordingly, far beyond all the solemn compli- 
ments that ever proceeded from the lips of authority. His voice 
was deep and powerful, — though he commonly spoke in a low 
and somewhat monotonous tone, which harmonized admirably 
with the weight and brevity of his observations, and set off to 
the greatest advantage the pleasant anecdotes, which he delivered 
with the same grave brow, and the same calm smile playing 
soberly on his lips. There was nothing of effort indeed, or im- 
patience, any more than of pride or levity, in his demeanour ; 
and there was a finer expression of reposing strength, and mild 
self-possession in his manner, than we ever recollect to have met 
with in any other person. He had in bis character the utmost 
abhorrence for all sorts of forwardness, parade, and pretensions ; 
and, indeed, never failed to put all such impostures out of counte- 
nance, by the manly plainness and honest intrepidity of his lan- 
guage and deportment, 

"In his temper and dispositions he was not only kind and 
affectionate, but generous, and considerate of the feelings of 
all around him ; and gave the most libera! assistance and encour- 
agement to all young persons who showed any indications of 
talent, or applied to him for patronage or advice. His health, 
which was delicate from his youth upwards, seemed to become 
firmer as he advanced in years ; and he preserved, up almost to 
the last moment of his existence, not only the full command of 
his extraordinary intellect, but all the alacrity of spirit, and the 
, social gaiety, which had illumined his happiest days. His friends 
in this part of the country never saw him more full of intellectual 
vigour and colloquial animation, — never more delightful or more 
instructive, — than in his last visit to Scotland in autumn, 1817. 
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Indeed, it was after that time that he applied himself, with all 
the ardour of early life, to the invention of a machine for me- 
chanically copying all sorts of sculpture and statuary ;— and dis- 
tributed among his friends some of its earliest perforraances, as 
the productions of a young artist just entering on his eighty- 
third year. 

" This happy and useful life came, at last, to a gentle close. 
He had suffered some inconvenience through the summer ; hut 
was not seriously indisposed till within a few weeks from his 
death. He then hecame perfectly aware of the event which was 
approaching ; and, with his usual tranquillity and henevolence 
of nature, seemed only anxious to point out to the friends around 
him, the many sources of consolation which were afforded by the 
circumstances under which it was about to take place. He ex- 
pressed his sincere gratitude to Providence for the length of days 
with which he had been blessed, and his exemption from most of 
the infirmities of age ; as well as for the calm and cheerful even- 
ing of life that he had been permitted to enjoy, after the honour- 
able labours of the day had been concluded. And thus, full of 
years and honours, in all calmness and tranquillity, he yielded up 
his soul, without pang or struggle, — and passed from the bosom 
of his family to that of his God. 

" He was twice married, but has left no issue but one son, long 
associated with him in his business and studies, and two grand- 
children by a daughter who predeceased him. He was a Fellow 
of the Eoyal Societies both of London and Edinburgh, and oue 
of the few Englishmen who were elected members of the National 
Institute of France. All men of learning and science were his 
cordial friends ; and such was the influence of his mild character 
and perfect lairness and liberality, even upon the pretenders to 
these accomplishraents, that he lived to disarm even envy itself, 
and died, we verily believe, without a single enemy." 

Mr. Watt became a Fellow of the Boyal Society of Edin- 
burgh in 1784 ; of the Eoyal Society of London ia 1785 ; a 
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Member of the Batavian Society in 1787 j and a Correepondent 
of the Institute of France in 1808. By a spontaneous and 
iinaninions vote, the Senate of the University of Glasgow con- 
ferred on him, in 1806, the honorary degree of Doctor of Laws. 
In 1814, the Academy of Sciences of the Institute paid him the 
highest honour which it could bestow ; it nominated him one of 
its Eight Foreign Associates. 
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fiil» coinloe In. il'. ,- vlE[t(dby Cocbucli, 
IM; Mr. Witt's resWenee et, 2ll-m: 
WBsbOTOqgb'B mill at, M3; visited by 
CaveDdi>b,S9I; rrlesiler's settlement li, 
396; Tlotiiat,e9S,29ft. 

BUefc, Dr.. organ hnilt by Mr. Watt for, ! 
3G; acqualntiincc with Mr. Wntt, * 
tmUmoi^ to his abilities, uri^iinility, ii 
modesty, 44. 4n, 3110; dati» of hk dL 
ODYeiies, SMLKI; Usdestb,S95-S9;; his 

__ i ■ . .. ... fbttuUB, 1«. 



<s,ss£25' 



Is, and Sr ate 



lea, (., 



Boiler (rfSsTory's engine, 113: of 
nien> engine, B!, bS. bA, flS, Hi ; 
Vatfe eiperimenUI in->deU, 6-\ 

Boiling of water to vacuo at low 



(5; s Bortonttc 



&>IUit, 183. 
Bo'ness, 188^ 1* 

Borings, Iron, or fliings, ^49. 

BoRowstoDeB, 196. Tfiee Bo'ness.) 

Bonlton, Uatthew, plate-manolbctorT and 
mlntatSobD,^^; TndUgar medal. t». ,' 
purchsH ot Dr. Bw1>iiCk^ share of steam- 
enclne patent, IBB, 1S6,1IM, esl.noU. £3^ 
sflrs»rMf.VSfiJctterB t..,onirat\»5 
of steam and water, aeS, Ac ; bia deatb, 
MI ; notice of him by Mr. Watt.Bjile, S9S,- 
by Mrs. Hchitnmel-l'enoinclc, 4b. ; harted 
In UaDdeworlli cbnrch. 8». 

BoQlton, Mattbew Boblnson, anocdot* ot 
Bmenton ind Sobo maohinery, 206, BOJ ; 

new jKutaershlp, S16; flrobbery at Soho, 

Boolton and Watl, ftrmstiOD «f original 
partnership ot 2<I6; heads of artlclFSof 
eopartnersbip,aJS,209: employ Mr. Teler 
Ewart,£8T;%.Miirdock,K22.824: liw- 
■Dits with pirates of new engine, ■ B. and 
V. e. HDrut>loner and MBberly,' and B. 
and W. V. Bull.' 44. note, be, nslt, 86, 813 ; 
flexible saction.plpo, 8BG. 

Bonlion, Watt, and Co., mannfaetnred two 
of f niton's hoat-eo^es, 3»l. 

Bourne. William, S3V. 



Boyle, JKobert, air-pomp, li 

Bradley, Vl. 
Bnniiib.Jo«ph.T4, 313. 
Branca, 'W Bacliine:' 89. 
Breadtibf^'Eail of. ITO. 
BretouAl^, Mr. Watt's estate 



ived by 



eSition (^Koblson'a - Mec^anfcil /blloso' 
3rT-S83. ' im om . a 

Bridge, Blackfriars, 236. 

Bridg«water, Dulie of, 383, 833. 

IWnaioy. IBS, 

Bristol. SS2. 

Brongbam, Lord, notics of Tr. V. Small, 

305; nollce of Mr. Walt. 895. 
Brown. Mr. Aleiinder, CDnversBtion with 

BoWsoB on discorery of tbo sEparate coo- 

BuehuBn,"Georg^ birtiplaeo of, 16. 

BDcqnet. 271. 

Bull. Mr., 'a stolier,' 305; Boollou and 

BnreuDdy. 301. 

Burke, Edmund, oppeeea renewal of patent. 



Messrs. J, Watt.jun„ ana Coop 






'Burley."C!«.er-siai,d,-39a 






Burnel, Colooel, 395. 












BSle,org^buUtfbrl4ird,85. 






C. 






CB<n% den et, 313. 






Csdnms.393 






■Caledonia," the,' 336. 






Cainml, steel. 239, 240. 






Campbell, Mrs., cousin of the great 
her memoranda of the boyfiood 


s 


nTa 


Walt, 11, 12; of his youthful 






talents, and dispositions, 13-16, 








ire. 




Camper, i'rofessor Teter, Wl, and neu. 
Canal to eonneet Forth and Clyde, 


83- 


Monkland, planned and conBli 




by 


Mr. WatCl&-l«J:ftom Perth 


Cn 




of AnsTis, survey for, 169-in;e 


Biee 


on 




"; 



Forth and Clyde, iteam-boat triad on, 839. 
irhonlc acid gas, Blaekt dKunerr ^9H. 
irron Ironworka, ISS, 136; bannK-mlUs 



Csrtwrighl, 330. 

Cassol, machine of. IIH 

Casslgralnlan telesoope converted Inbj a 
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■ Cavtndiih. the iUvttrtoi 
Cswloy, Juhn. imprtmea 

cDOisn la patent, ii. 



ina<1« of forming 
ipositl 



"'.'' 



iCDlptora LUa- 

Centres. comblnatlDiis of motions round, 

242,348. 
CenlrlfogHl nrlnciplo of GoTornor, 24fl; 

tbrce, tff^laUfT b^ ib, 

Clmitrey, Sir Frauds; bust of Murflock, 
SM; trill of stesm-navig^tlon. SST, note; 
itatucs aofl busts of WMt, 889. 

'Chsriot,' 'flerv,' of Mr. W»tfs InTEDtioll, 
S9ft. 

ObariUble sets, 32S. 

Cbarle& LonderaTe of H^es^ 114. 

Obemlatry, Mr. Wntf s s^vSy of, 10, 2S6. 

OhiDii closet, Ure. VfM In ber, BZi). 

Clilneee, iiS. 

' CSnavh and Slag,' wittcli-irord of BIr- 
mlngliuBiiiob in j;<il. S9B. 

Cmq Hars, d'BfflsI, letter ta blm from Ma- 
rlon do TOrms, 98-100; shown to be a 
fabrlcatloii, 100. 

CIrcolar eogiiie, or steun wheel, 339. 

Clar^ Beport on Cbanaal of ClvJe, ITl. 

Cla&e, Ur., Sas. . 

■ ClsTer'H and Burle;,' 392. 

ClelsfabothaiD, Jededlata, Wi. 

'Clerks,' "Tbe Three,' quoutlon Ihjm,21fl. 



)-englne, 310, 



Clock, moved by A i 

Cloolta, TariouB, tuv,.u«,u ^j ^,. ^^^.,^1^, 

Clookwork, of Counter, Mi. 
ClutWrbnck, Captain, S9S. 
Clyde, bridge over, at Hamilton, ITl ; Be- 

Cocbnne, Mr„ ^ iott. 

Coleridge, tomart on a eteam-eninne, 3. 

OombnMlon "rf gases by tho eleetrlc enatS, 

»l8,tU. . 
■ Comet,' ■ the.' steamer on the Clyde, 336. 
CommOD Plflf' " — • -' "■■= °^^■■ 
Commona, U 

opinion ot : 



Ds of Ur. ' 
tter, KH. W 



stt se l» compoEltion 
iiSet Water, CompDsi- 



Costs. bill of, 3M. 



>aiFfords<lyke, for Cartsdyke). b 

barony, 8. 
:;reiihton.<. the two. S21. 
>ell, Br. Loreni, ■Chemlacbc / 

2IfS note : Blagden's letter to, B7C 



Cqpar of AnEoe, eurrey for eanal ftom 

Perth In. ITO, ftl. 
Cnstine, Marqnla de, aoe. 
C^llinder, ^ S2, 58. M, »i, GO, &c.; joints ol, 

mode of tlgbtciilDf. 349 ; InTcrted, T9. 

». 

Dadley, Mr., eos, 
D'Alembert. 84. 

Dalm'amoek, on the Clyde, 355. 
I>al.wintf.n, 83*; Loch. «. 



Danton, duel with Eobespierte prsvenlod 
by Mr. J. Watt Junr,, 3J5. 

DaT^rtn, Dr., makes acquaintance with Mr. 
Watt, laS, 189; hie remarks on EusJa, 
212; his dnplei pen or bigrapher, 232 ; 






oath of ftienda. ai 
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.3Cll,S6G,36T;E!oge 
loCLnq 



:d be s fabric 
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De Cbus, aolomon Ml 

thoBO of the Marqi 
&brl«Ud letter of 
39; eiposed, lOT. 

Deleneit M. Beoinmi 
oUij f lo^l^en^ 3M. 

De rorme, Marinn, le 
l&n,9»>I«0; show 
lOO. 

De Luc, M., bis repert of perfnmumce of 
PeiTlei^ engines. mS; Mr. Watt's letters 
tfl.SM; oncomjMratioBor>vater,263-SH; 
euTlous error of tbe press In tbat of 2Stb 
Not., 1783, as nrlntejin PhLi Trans., SI4; 
hia letters to Mr. Wntt. 271 : bis eildence, 
SOS, SIS : denlh, S9e : notice of him by 
Mr. ■Watt,^6.,«o'- 
>ephloelsticIUd I 
— air, 260,261. 

Derbvsbire, mine, la irsnt vt cncine, 207. 

Deiagullers, C2, 60 : error In bis onlculatlon 
ot the balk of steam, e2-li9 : sccniint of 
eniory^eneiDe, lllj of Hewcomen and 
CairleT's,11B; of his own.120: dateof 
pablLmtlon of lie wort, 117. 299, volt. 

Descartes, Us coojeclnre ss to pressure of 

DaspreMK. 293. 

'Devil,' 'The little,' 319. 

DsTonshlre, Dqte of, 259. 

Dick. Professor, 23; recommends Mr. Wslt 
to go to London. (&. .' employs him Iji re- 
pair flsttonimical instruments, 80; bis 
dastb,Sl:chsmc(ar,47. 

■DlscoTcrer, tbe flrst,^ of composItioiL of 
water, 2T7. (Sen Wator, ComposiHon of.) 

Discoyery, Mr. Wstfs, of separate eon- 
denser, iS, 51-54, «a-A6. «;-75: of Com- 

DMdlng-mscbtlie, luTontcd by Watt, 18j; 

Its aocnmey, ib. 
mvidlDjfHKraw, Invented t j Wstt, IBS ; lis 

■Divine P£ll(«npby,' 39(1. 



Dollsnd, saleable alterations of Hsdlny<! 
qnidraiit, 1S5; Pslent for ncbromatic 
lenses, 130 ; attestation as U> Maske!yne> 

Domldle, Mr. Watt's cb'snge ot. 210. 

Doiible.actlng engine, 233. 

Double enable, 238. 

Dndinl, proposed philosophical, 29S. 

Drawing m«oblne,3M2. 

Dmin, Lsguins, 1TB. 

Dnmhartnii. 133, 

oyed by ma-la- 



tratosoC13!, 
Dundfls, Lord, 33 



Earl of Liverpool, mistake ss to 
EddystoAe Llgbi 



3T4-8T«; 
ity,' 296 ; 



d atrait, ser-^. 

nrgb Phltosopldcal Journal,' eeconn 
iilSle water-pipe, 856. 
jfl-pipe of Improved euglne, 64. T3. 
iinhc8d,CBrvedby Mr. Wat( — 

~'^m-ies! """" 



lbs, 



Electrical Machine, 



Elephant, tii 
Elllcot, Mr,, 



I by 1 



. (£mW 



^tfmfseT"'"'''^"""''"'''^ perpetual mo- 
EngjjiV pumping and blowing, 331; rots- 



Europe, battles of; fought by the stean 

engine, 403. 
Evan's Mm. 'a gentlemanly tnill,' 303. 
Eyeniaes st home,' 310. 



iyre, Lprd Chief Justice, 306, 300, 609; 312. 



ot ermnoons tillo-psge praJ 

dish's memoir of 1784, 575. 
Factitiouj Airs,' 338, note. 
Farey, ■Treatlseonthe etenm-engino,' ' 



dbyGoot^le 



FatilM. (Sei Bt Fond,) 

FsSitB, Dr., 67. 

FeaaU, sclentmc, 391-29^ 

Fl«U-Bporte, Dnt ptactisi 
Fninra, Iron, &a. 
FIMfaTkr. John, S31. 
FitKeraKI, S29^ 
n^ble^ ■ 
HonrenEi, 

Flowsre,) 

Flatca, uude by Hi 
'Flywheels to nmc 

'FoAIng' wstsTf)- 
Forth una Clyde Cs 



hergima 



watar-prpe, aW. 

Eloae <a Benjamin Delesert 

Mr. ^TBtt's fondnm for. S6B. 



13, (CftleUon. 



Fourcrojf 301. 

Prance, grant of escluaivc prisllege in. SIR. 
, Inafltuta of, Mr. Watt a (Jotrospondent 

of the, 40a ; one of the eight Fote^ Ac- 

sacEnta of, ib. 
Frsnecker, In FrleBlalid, 291. 
Franklin, Beqlsmlii, 20fi. 
Froemoson's Hall, public meeting at, in 

Friend,' ■ Ibo Minot's," (sm Barery,) 111- 

Fiuits, their ripening and &11, SGft. 

rmll-lreo, Mr. Watfa inleteet in, 869. 

Fuel.ecoDomror, SSS; 'Uetbodof lessen- 
ing wmsDrnpUon of PiWnf for, 141, BOS, 
Ac; oonsumption of smoke and saving 
ut; Patent Ibi. 251. 

Fuleher, lite of Thomas Galnsborongb, 
E.A., es, note; story sbont Humphry 
Gainsborough, Is; Ite grouiKlJeEsnoss, 8d. 

Faltun, Robert, Iriea SymlD^ton's eteara- 



Faat,hl 



naglcal tjpogtapliy, W 



h, Humphry, his pnrfuita i 



told of Lis I 
L,Llfaot;byFul( 



GallonTMr,, 29T. 
earbett, Mr. Sam 
Sardner, (or Gan 



, John, as, 396. 

the clanEkal, at UeaMeld, 8M, 



3as, Jiiflamniablo,li57, 258; hydrogen, 379- 
28*. (i%s Water, CompotitiOD of) 

Jases, combustion of, by Ihe electric apart, 
2B3, 205. Wee Water, Composition of.) 

:!oorgeIV.,882! hlsateam nIeesore-Tscht, 
i4.,-BentimentsaatoMr.%atfa merits 
400; auEscripUuu to Mr. Watt's moou- 

Jerbert. (Pope Sylveater II.jklB hydraulio 

organ blown by Hleani, 90. 
Jerman weights, 294. 

Sirondlnal Mr. J. Watl, Junr., Evmpathlsea 
with them, ari 

OlaSEOW,' 'the,' BS8. 

— Oolleiffi, the Profesaora ot make nc- 
qnalntaneewithyoungW«tl;a3i employ 
fln<l proteot Mm, 30 ; flaatgn h'~ 



Glyptes, a57. 
Glyptic maohino, 358. 
QoltiorEc, Koport on cbannel 



Gray, quotation ftom Ode to Eton College, 

Great-grandlather of j™™^att^2| iiveil 
InAbcrdecDshiru.i*.; killed in battle, 8. 
Greek, !!9. 

eromcter, although eobseqnent l» Mr. 
Watt's; and the same In principle, ISO. 

, a workman employed by Mr. Watt, 357. 

Qteenock, 3 ; erected into abnrgh of barony, 
ib. ; shipping oi; in 1700, ib. ,' birtl>p!ace 
of James Watt, 10, 329 ; plana for water- 
worke at, 172: -thB Comet,' 38fl; bact- 

Library,|arI'Vatfs donation to, 829; 

Gregorian telescope, converted into a mi- 

Grevllle, the Hon. C, 311. 

GnoricXe, Otto fle,lnvcnHoa of sn air-pump, 
101; his 'Exporimenta noya Mogdebur 
gica,' ift. ,- cyllndef with fioeied piston 
androd,lU2; nUsharelnprogreaQlovu^ 

Guide, or guiding, point, of aculptura ma- 
chine, 8S5, 861, , 
Gnllare, made by Mr. Watt. 85. 



d by Google 



, iQvontfd by Howlon, 



HuidBwortb CJiDicli. Mr. Boultoii bnri< 
IilSSI; mooDmeflt to Murdock tn, <A 
to Mr. mtt In, 401. 

HeBth, ' L'HMel do TAmitiS ' at, ISS 

HamoufCBBr. W. T., 260. 

'Hata,' 'tBew,'i& 

Harp, principles oC SSL 

Hurieon'B timg-piscc. oliservsUona lot trj 



, Mp. Kobart, nrcoiintof Mr, T 

bonis In King gEreet, Glasaoiv, 37. 

Hirllev OoUierr, 9SS. 

, Eeport on clisnnel ot Clvdo, 111. 

Hanenftirtz, sea. 

Estoliett, Mr. Charlea, hie eismiaatio 
CaTendiah's M83- 2fiO. 

Hafi J, the Abbi, BOl 



a, Mr. Wmi 



HeBlCT-upon-TbaJnea, 87. 

, MwerB., of Mandicaler, SOS. 

Hercnluieum, SM, 

Herd's Houee, tbe, (in Qlaggow Qtefs,) 67. 

Hero,ot Alexandria, 88, E3; Mg 'Fueunui. 

Uca,' or ' BpWtiJiB,' ift. 
Hersche). Sir^ililain, SOS. 
Hilton. Jack ot (an .2k>]ipile.) 89, », nett. 
Hire, M. de la, bta nilciometera, lai 

sSetcb ol the steam-enEiiio, 88-122. 

Hobby-horse, BG6. 

Uobbr-hoises, stable of, pulled down, 2S1 : 

HiirubLner and Bull, Ikml tail nnd^attc. 

B05. 
. and Maberly, BouHon and Watt u. 

HomblonerV esgioe, 308. 
Homblever, Jabez, hla pliaoy of Mr. Watt't 
iDieatlon, 8^ ; his snhieqaeQt conduct, tb. 



House of Commoos, British, Burk. 
Hue, VAbbi, Bleam.earrlage and I 



Hulls, Jonatbao, 
IIuDterian Mas«i 
Hurdr-Gurdy, II 



njeetlon, condensation by, 803. 

nonlsiUon in Spain, 8SS. 

.nstltuto. National, of Frani», Mr. Watt > 

correspondent ot 408; one of the eigbt 

Foreign Associates of, ij. 



Inventiveness, maebanical ftcnUy of, 24fl. 
anidenta,!; Mr. 'Wlttplaeeil at the bead 



J, 

JaeobinlEDi, Kobison'a detestation of, 877. 
Jaoobins, Mr. J. -Watt, Jun„ eympatbla 

•Jaletui!,4ea} 872. 

Jamaloa, aalTononLlcal lu^trumciits broug 

Jardlne^ n^essor, or'ciaagaw College, 19 
nrges completion of the new engine, 13 
wltnesaed its sDccessfnl Hrformanoe, li 

Jirv, M., 211. 

JeKJtson, Thoniu, SOS. 
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JelTtey* Lord, Dpi I 
priorWv.SBS; obo 
Jooncr, SS9. 

ibnson, Dt. 6«opi 



373. 



— , Mr., of Kf nilworth, 2B7. 
JonffrcT, Murqufa. 8«1. 
Joornif. IMlnBiirgh Pbf Iwophlcal. SS 
Judges, wpIdIohb ot, In Boqltun bdA ^ 

Buluafc; InBouUon andWatto. 

blower snaWoberlj.SOO. 



Kaltoff, Caspar, empWed bv tl 

of Worcester, 94. 
Eelr, Captain, b<a chamct^r ar 

worlta, 139, SM; tmnslator of 

SdT. 
Kempts. Thonuu L In Dutch. 378 
Kenllworth, m. 
Kepler, 'Acconnt of Astfnnonilc 

eries oC' br Dr. E. Btnall. mi. 
Klnnell. DuinduD-hoiiBe oC 131. 
; trial of emrioe al, 148, IBO, 

encliio removed ttoa, tn Boho. 
Kirmin, Mr., aiO, 284 
Jwleilgcllr.'WBtfa! 



Lafond, Sigsnd de, SI 



taFi 






,176. 



Lamps, Ibnr new sorts of invonlid bv Mr. 

WiLtt,SB». 
taodgrsvo, Clmrles of Hesse Cnssci, 1 14, 
IduittrisaL, Cbevatier, recipe £ir cloEtic rc&lti 

Ubes oB^red to, 3M. 
tangdale, Ur.. 20T. 
Ijtneiis«re, unlTBisaL 296. 
La Place, De, 260, 3M. 
tA Bodie, Madame, letter ttmn, S68, and 

'Laarcls never sere,' 390; additional, IflB. 

, Madame, (Connteaa Knniford,) SM; 

bei lilatoiy, ib. 
Laws, Doctor of, Mr. Walt, of Glassow 

LawMn'M?'^ 

Lawaults, witii pirates of engines, 304-3IS, 

lee, Harriet 246. M(a. ' 

, Mr., MB, note. • 

' onslneaiS; lSve1iUop°of"thoorT ofTiL- 

ionSpllS. 
Lelth, 1T«. 

2BH 3T1. 
Lenpold's 'Theatmin Macbiaatuni.' 4!l. 
Leven, Water o£ aurvey of cbauaet 171 
Ler^ne. M„ 216, 356. 



Lerden pblal.lnvenOono^H; 8t FotM's 

Lioh«eW, 133, 297. 

Liebig, opinion as to Mr. Watt's prioritf, 

Life, Lockhart's, of Scotl, quoted, SlI, S92. 

'Life,' -tie oomftortof Mb,' 186. 

Licbt, its nature, 29T. 

^Likekess-tathe^'' tbe. 3£3. 

Lin(l,Dr„I9,-129. 

Lloon. machine for dryina by ateani, 22fi. 

^Llns^ic,' tranetatioa of rapines memoir in. 

iJb-109. 
Liptrap, Mr., EOT. 
Ti — ^r, amnn^lacal, 24^* - --"-- "^^ 



LocUarfB Life of B 

•-ocomotion oa iP-l 

Bobieon, 60, 33 

0^ made by lit 



the subject, S4a 
-omond, Loeli, Mr. Muitheid's rosidon 
near, IB; passage forprwosed canal, 1! 

aiiprenticeship in,^.: Van quits it, 23 
,ouisSIV.,S(»,39iS, flofc. 



Bouitnn and Watt i. Ilornbiow 
6-314. 

J, Mr, 220, note. 

lie, Alexander, meccbant anil i 
ler, S9; bcqiHKt uf astronianli 
nonta to the Colhipeof OhlBgoir, 1 



Sarillimetica[,cbntempIaiedbyMr. 

eopving senlpturo. invented by Mr. 
366-364; various names Ibri<C..,- 



dcecribefl In Browetf 
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Miequer, M,, 267 ; his ' CScmlitry ,■ IcMs- 

l&ted by Kler, 189. 
Macriianlsh Bsy, mney fur tanul ftom lo 



MsDchestsr. E4e, 302, S!3,»9. 

■Mfldiyelle,' SB*. 

Munsions, sUeat, of tlie grave, 19^ 1 of tbo 

Marat. B7S. 

MfiTiiie, Imperial Academj of, at Cronstadt, 

Murlj, machine Qf, BB9, 300. * 

Man, JdIih, mathematician in QrsenoF^ IT ; 

liUiriaga' or Mr. Watt io Miss Miller, In 
'ITSiUTSl (oMlaaUacgTegn^ininClill). 
Maskalyne, hispiismitiii microineler, 102. 
HBthematuial-Iiiatniineat maker. Mr. Watt 

Qhooses tha piofbsdon of^ 21,22. 
HatUev, hia note on I}el3ml>te as to pris- 

UeuuTea and welghta. proposed unlformLtj 



■ MSmolroe de TAeadimle des Sciences.' pa- 
in, (me Water, Composition of;) ofAmon- 

' Mumoranda,' ' of eartr Tears of Mr. WatC 
Il-IB; Allan CuDDlagham-s, of ScottSIT. 

Memorv, Mr. Watt's, 11, r 

Meoal ScrBlt. Ed^north' 



i'a proposal of c 



lies, Mea, 31T. 
ipolU, Mr. Watl^ 



mstlc, and with n 



——, kr, oC Gla 
Watt, 196; Usl: 
Mills, TOOltve m 



'Miner's Fileni' ' 

Wues, in Coranall, 

scenerr in tholi 

their state, 220. 



Monoohotd, i 
Fjthagoraa 

MonSf'^ 
Mnor, Proits: 
roulla Hon 

More, Mr. Ha: 
of Arts, del 
ElnalUy of Mr 

Morclaod, air go 



it, Composition of.) 






itcd b7 Mr. Wall 
d to patenlcOB, 80 



Cornhlll. instructor of 
lis deotb, St. 



Motion, the Faraltel.aST; Patent foT, £41; 

243-245; beanly and simplicity of its 
movements. 242; preferred bj Mr. Wstt 
lo any of his other Inventions, 248. 
Motions, combinations of, round centras, 248. 

Mulrbeads of Lachop, T, 8 ; origin of their 

M^ead, Professor Georgo, 22. 

Muirheid, Aedes, wife of James Watt of 
Greenock,!; her appearance, mannem, 
and descent, ib. ; her death, 8; portrait 
of, ».,' singular dream, »; her ohUdien, 



in his yontl 
of Locb Loi 

, Mrs., (an 

Murdoch, Wl 



II: eomcntfn 
s,805; skotol 
ath,324; aa< 
imnDmeDt,*^,- pintnlt,<a.,' Invention. 
>f Kaa-Ught, &o- ib. ; ivorklng-DLedel oi 
iteam -carriage ot 1^4, 826, sS; osdllat 



'sun-aud-pliuiet wheela,' itsi; eomcntfnr 
Iron, B4S ; erldanca at trials, SOS ; sketch 
-'■"- llft,se2,8»; hiBdeath,32'- —'• 



iDgcfllnder, 329,313; aide : 

Murray Flnb, 176. ' ' ' '"' 
Musical ear, Mr. Watt's deficidncy in, 

of. 84-S6, and 39S, 
Mylne, Mt. Robert, son., 305. 



Nantes, In Britbuiy, 214. 



ioDd,lB; portrait in houso 
[[.20; other peitti^ts, 21. 
e uf France, Mr, Watt a 
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(Ubt«l phtloMphT, profe&so? at In Glaa- I 
gow Ctdlege, 42, 44. IT. 
itnrecan^eTanqDlBheil.SSj lier abhor- 



tItois of Trafelgar, 133, 

XeJU, LDeb, ITS. 

Kenbndge, Mr. WMS eatate near, 4S4. 

Kencomen's eniine, uodr) of. iKlonglng to 
Collegs ol OWon.lS. «I>,II; Ascdp- 
tten % bf Mr. iTatt, «», TO : iU pacts, and 
inodowt oparatloiijllT.lia; edirine fm- 
pcored by Fatter, Belgbton. SmeatoD, 
nnd Desninliera, 118-131 ; but fit from 
p«rfl!ct.m; metbod of tiebtenjns julsts 
oC, £49 ; tnjection practised In, 303 ; nsed 
by HuUs m a boat, 381. 

Kewcomen. Thomas, lasoclaled njtli Sayer; 
and Ciwlej- In pnWnt for steani-eagliie. 
(S« NcKBomen's Engine.) 

Newton, eir Isaac, his portislt In the bouse 
of Tbumas Watt and hiason8,20: Invon- 
Hofl of theory of Hoslons, US ; compared 
with TVatt, 489; witbBouiton a-iiiWatt, 

Hew York, 834 ; dlalanco from Albany, i6,, 

note, tb. 
Kith, nayigition of the rivor, 13-1 
'Nobody, Mr,' his (eopying-macbinc) 

draughty S2S. 
Noise, shadow of a, 244. 

NotUimnlwrl™^ In America. 200. 



del?n "ted'^IS. %«l irin^le. 
Obssrvarc,' motto oD Mr. Watfe sea!. 865. 
Ob^rvatory, Maclhi'hiDe. 39, 31. 
Odyaaey quotation from the, 435 ; Pope's, ib. 
Oli^ Loch, 113. 17G. 
Ottzfjaan a, approbatli 

trononilcaf instmni . 
OpUcal InstnuoeBts, orrore 
Omn eonatructod by Mi 

Black 84; ftramaeon-lo 



of Mai:ntr1ane*B as- 



i/^ioudo r, fictitiDDs lot 
ce pTiposea philosophical, 20 



foe gteam, 109, 110 ; history of tbeir use, 
331, 3»2. 

an'E-pipo, 894. 

mtogtaph, BST ; donble, ib. 

U>ili. Denjs, bis digester, employed by 



60; blamemoltof 1090,108; proposes to 
form a yacunm by condensation of stesin 
in a cyllDdcr. ib.; useteasnea of bia 
roetbod in practice, 10* ; abandoned It for 
HDotber s'^ieme, <». ; admialon of Sayerr's 
originality, 113; never bronght bis en- 
(tine into practical use, 115 : liis soraes- 
tlon of steunrgon. 109 ; of stmospherEo 
steam-power tor ebtpa, and of puddle- 
wheels, 831. 
Parallel lathe donble, 3liT. 



243; beantyand 



rmplloityof its m 

' — lOoUiiifst,! 

iMst,Slfl:Tiatt 



ments, li4S ; :1b doUcata amooUiiifst, 8ST. 
Psris, tcLa of PerrleT'e enginsa at, Slfl ; Tiati 

of Mr. Boulton and MiTWatt to, 81^ STO; 

Blagden st, S7C^ (<» TTator, Compoaltlon 

of;) Mr. ^att'ssecond Joorney to, 3«S. 
Farlianient, Act o£ erantiae privilege to 

MarqoJs of Worcester, 98; gnndng patent 

(0 Maverr, 112; renewing Mr. Watt's 

patent. 21®. 
Partncrebip of Boollon and Watt Ibrmed, 

2O0; estimate of partnetahip property in 

ITTO, 203; heads of tbeir articles of co- 

wu^nerebip. M3-aift 
— — ~ "- WattV, (1.) of IT™ ' 



... ._, [fflndpla, doiiGla snglae^ 

doDbls-aetlna: eoeliie, Ac, 183; (D.) fin 
parallal moflon, steam-tilt-hammer, and 
atoam-carrl^ca, 241, 244; (ft) for con- 
sumption of smoke and saving of fuel, 

Peerage,' ' Romance of the,' qnotation from, 
222. note, 
■ennant, Mr., enggestion of Caledoiiiaa 
al,113. 



Penns^'li 
Pentjn, 231. 
Pentlimd, (Frith,) ITS. 

Pecrier, MM., m. 



ADgns, 169 ni. 

oter the Greit, 2ia 
■iurtSt.,S54. 



il ftom, to Cap« of 



Phlladelnbls. 33t. 

•Fbilomatbique,' ■Bulletin de la Bocl6t^' 

quoted, 192. 
'PhiloBopbkalJonrnol,' ■Edinburgh,' SS6. 
■Transactions,' Mr. Waifs and Mr. 
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Liosophy, T 

PhjslOlOBlcil dCT. 

FiADO, principles I 



IMi'V Hewmmea und Cuwlcr, 119: 
packed ay waLer; ih. ; led to discovery of 
condensalloD by Injection, H, ; Mr. Wstt's 
eiperimej>U1. 1^12^. Jul; psckeit wilh 

PietoB-roA loa, 110, &e. 

ni-CMl, ftir mmnflBlura of iron, 1««. 

Planet, siiD-and-, wheels, 22t! 
Plate, preaenteit to Mr. Watt by the pro- 
nrielurs of the Ohisgow WiiterworkB,^6. 
Plalo, SIS. 






PoW: 



at Clifton, ib. 
-■■■ ->Mlne,li31. 



^871; 



his son James, STt-SIS. 
■ Polyglypl*s,' 887. 
'Polygljptic parallel eldOiiiapb,' tli«,304. 

Pool Mine, 881. 

Porta. S^tlsta, Inventor of tbe macic lan- 
teTn,gO: hla > Pnenmatica,' ot 'Spliitall,' 
ib., ntiie; eiperiments on Bteaio^jft. ; de- 

of steam, 113; iilliulon t« hla eiperiment, 

FoTt-Glasi^T Docks and Harbonrs, plans 
tor, aiS; 'the Comet,' buUt at, S3S. 

Portland. buke-X^SSi. 

Porttsit of Mr. Mncdock, S24. 

of Manlet, and of Hewlon, SO. 

of mtt fiimUr.Sl; of Agnea Mulr- 

lield, 91 Bt Margaret Shorter, 31 ; of 
Janes Vatl^ sen., of Giecnock, 21. 



Poitsi^ HiiDipluT, improved the jnjoctli 

of NeTKoman's endne, 119. 
Fonud,-proposed pblloeaphlEal, 895. 
Porer, difficulty of applying it to mochai 



Aoparate copies of Cavendiah'H 
Prete-gang. In London In liS€. 2( 
PreetDfl Puds, Id East I.alhisu, ra 

of sulpliiulc idd at, 124 
PrieWley, Dr., tetleeUona on his 

when jounJ!jie^ a^a^b^vlol 



i9e; retires to Olapton, afterwardg 
letlca, 8119; phlloaopblcal weights 



1; eiplraUon of, grant of eilended, 
3, fjonded by Mr, Watt in ClBSgow 



irRd™y'B,mtl fearns"to make wcil' 85 
sale for. SI; Iladlcy^ invented by New 

Quebec, Bicatnboflt frum Montreal to, S85. 



Back, tnoacd, and bc ctor, SKT. 

being one, 814; ciOse of ft, 37* 
lindnotshlre. Mr. 'VTatt's estates i 
Kndstnke, 303. 
Eacburn, Sir Henry, letter to, IB 



Recreations of Mr. Watt in bis old age, SE5. 
Kees, Iter. W, J., Mr. ■Watfs reply to, us to 

a perpetnal motion, »8B. 
Kcgnlator Iw oentrifogal Ibroe, (or '6ov- 

'Re™^olod,' t!ie,SM. 

Keligious resignation, Mr. 'Watt's feelings 

Bcn'neiitiln, of Lldge. SOD. 
Eenntc, Mr., his works imA fiinie, 138; Ee- 
perton channel of Clyde, ITI; his mod- 

Ewart his apprentlcB, 2!n : hla evidence 
In BoDlton aadWalt^ lawealt,SOS; bis 
sbilltr. BUS; plan of bridge across (he 
Menai Btralt, 3B7. 

Ehavader, Mr. Wstfa estate near, 8*8. 

Bheiina, organ In Cathedral o^ blown b; 

Riser, Mr. Walt no very earlj, 18. 
Elvault, David, HU ■felsmene He rArtJl. 
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Wttt'a coDBtraction of two or^ne, 34; 
"Watt'a flrbt aoqaidntance wtth Dim, 4G; 
sud vitb. Dr. Blaolt, «. ; eoWra tho 
47: retumfi to G-laKOw, ^. ; d*^ 
th« abUlUsa and Uber^ltf of Mr. 
48,49; sudbiBlavetitlaD of thca^j 



oriainalltT of Mr. Wstffl fnyentioo, 68, 
SI, 64; mIsUkd ss lo Mr. 'Watt having 
stCendod leclnrea. am; CDtnlofineDt <n 
SuBBlis 307; anecdote of .£pinus and 
Uodel, 308; snl^nsla an]dLcatioD of ttoam 
to looTfi^iFhen drriasas, SO. S38; de- 
faststioa of Jaaoblidan), S7T : Mr. Watfa 
rertsalof.biiHorkon St«am indBtcam- 
onglnra, ST7-838; Mb dcatta, S3T, bis 
fHeadst^ lot Mr. Watt, 334. 
Robimn, mc Jobn, camranniiiatoa sn oc- 

by Mr. Watt. 856. 
Soohon, Uio AbM, his nrismatlg udccuutO' 

tete, 190, 1»1. 
Eosbnck, Dr., b!s firat afqnointanee irftb 
Walt, 79, 126; bis aUliUcB and charaeter, 
79. ISfi : lesUmonT to the origlnalLtj of 
iii,SI.8a; lifiahemfasl 
__._-on Iron-worka, m; 
a CdlllaTies, ISifl; mopom 

Ctiptfld by them, 1&3 ; bJa [jieolvoaoj, 103 ; 
transfon his wholo Intorest In tbe atcam- 
onxlne patent to Ur. Bouttou aJooK, IRR, 
199; wiigntnlatea Watt on the prospeoia 
of hla now eneino, SW; b<a dc^lii. S9S. 

Boskeere mine, 2S1. 

Kftitlve inotiona, patent djrnow mtthods 
ot; 281-281 jsun-aod-planet wheels, SSL 

Eoval &dikj, CInh o£ 291-294. 
".oval Socledes o[ Edinburgh and London, 
ar.Wetta- 



^B iDTentlon, SI 
Eo'Di. Bniall u 



Boval Socli 
^ Well 
ley, Mr. Ji 



eel with pofldle-whcels, moved by horses, 

Busala, Mr. Watt'a offeraof einplovini'nl iu. 
ail, ajK; Ambaseador of, iS. ; [uiiK.>iiiU 
fiuDllyoT, SIS; EmptoSB Bt, ib.; Grand 
Bnke Nlobfdag ot, (tlie late Csar,) ib. 

BtLUltk tmpailat A«aaemT of Maritie, 307 ; 
ducks, ib. ; Admirslty College, if/. 



Bsdier and ByminEton's pateiiU, S49. 
Sal-ammoblac, 249. 
6>Una liquor (iD Kelt's bm;),) 830-854. 
Sasae, the, StU. I 



Barer;, Captain Thomas, his private h 
toty, 111 ; hla ' Miner's Friend,' ib. ; t' 
editl0D^il2; its contents, ll^Iia; ma 
tho first working Btcam.enBlno, llS; 
modeof operation, 118; SwrHer'saeooii 

116;'Si^^^ig , 

describes paddle-wheels, SSI. 
8aie, Oomte de, sai. 
ichlmmelPennlnek, Mrs., ber notit 
Mr. WaU; 871,393, S94;af Mr. Sua1n> 

lohottna " "■-" ■■- ■"" 

Scott, ai 



assigned by DesagullerB, 117 ; 



ny Mannaring, 

partralmra tif Mr. Wat 
tToed,' S9*; BenUmeni 



itl, 134; 



H7; St. 

._, _. ...ho, 818; 
,^; 'hla modest 
I on oia 1^ 899.^ 

icrow-propellcri suggested by Mr. " 
1770, 10^ 169. 

' denbl{^stlealei 

icp^to condense 
lovem, the, 335. 
.etard, Mr, 205. 
.'Oraveaande, 'I 
losopby,' the flrst book 

'Shadow,' .'the, of a noise," 244. 
Sheridsn'B motion on eiisteuee of seditious 
praotloea, 87S. 

herrer, Mawaret, wife of Thoniss Watl, 
fi; her chUdrea, dealb, and burial, fi.; 
portrait ol^ 21. . 
bop-windowa ot metronoliB, 865. 
Shooting party,' the, 319. 
hrievBlty of Slatfordshire, 3TJ; of Kad- 



^rfoC, 45,241,309. 
of Natnnd PBI- 



Jth, Lord, 212. 

Slmaon, IVifeasor Itobert, 82, 48. 

aisson, Mr- ir ■-' ■ 

kerln Loudc 
Bisyphus, 186. 



oatical-instr 



William. Intrudueea Mr. Watt lo 

donian Canal, 173, lU; mveolTclo^s and 

1S4; contrives new bsrometere, 187; bia 
death, 204; his life, talenls, and worth, 
20S ; eharaeter of htm by K^ir, ^. .■ by 
Bi'Sjamin Franklin, ib. 

— , Dr. Eobcrt, 204. 

— . Mr. Thomas, of Corrihall, 20S. 

moatOQ, Jobn, bis alr-putnp, &i ; Improred 
Newoomen's engine, III.IIJS, 122 yilanned 
Carroa maohinew, 125; his 'Eeports,' 
ib.. and note; Eddyslone Llehthouse, 
132; empluytnent in Scotland, lb.: Be- 



larned the expansive 
lb of Boyal Society, 
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.nsnmptlon 
id London, 



, Dr. John, of Glasgow, BJ, 

Smith's JlnrmoBlca. 84, 

Bmoke, Mr. Wstfa patent for c 
of, 2St-2M. 

Bnnfl-boi, anecdote of tha, K70, 

Bocleljes, Bojil, at Edinbncgli i 
Mr. Watt & FelLow o^ «8. 

eocletr, tbe haa^, S9T, WS. 

Sooratfifl, fmtitl boat of^ SQT. 

Soho, Mr. Biralton* mansion ot 'i'Hfltel ■ 
l'Amia« (Kir HsndBwortli Heath,' IW. 

, Ilr. Bonlton^ manaficCorr at, the fli 

great one In Eoibnd, IM; BDecdoteafco 
BtiDetlan of flirt new Bleam-englna thei.. 
SOe ; gteam Ult>Juinmer tried at, m aw : 
aDu>fe«nieeMafil]lri3uiBaiiud,2S3;Tlalted 
by GaTeudlBh, Wl; attempted robbery 



SOS, 812; his sbtlltK 



;-a!7.: 



Spu-b, eleotrlc, combnGtion of ga£ea by the, 
2S8, note. TSl 

SpcidflcalLoDB of Mr. Watt's first Patent, 
6T,14»-146; alleged insuffidencj of, 807- 
813; obJecUooB imsweTiid.ib.; llsvaUdltv 
legidlv established, SIS; of hla second 
Patent, 328; of his third Patent 387 ; of 
his fonrth Pater.!, 2S3; of biaflfthPalcnt, 
241 ; of his sUth Patent, 238, EM. (See 
Patent*.) ^ 

BpeciHc heat, 256. 

delineated bv Mr, Watt In IHO, 163,' 
at Fond, Faojas de, dinner at club of 1 
eDclety.892^2e8; caoutehnnc tubes, 



Btandud fUr welolils si 

236. 
gtates. nulled, nse 

BlBtue -lathe. 858. 



■BSOrfCJ 



cjlinder, 65, 6S, 66, 76, T6, 131, 



ilow 



Slefim.englnc, modem, the most QsefDl o 
nil inventioiie, 2; Its powers, i&. ,- airalofn 
tothnbuioanbody.ff. (;S^ Watt, James. 

Steam-locomotion on land, BuEgested hi 
Kubison,60,aS9i Verbies?s, ESeworth'a, 
Moore's, and Dr. Small's ideas on the anb- 
jeot, 838, 840; Mr. Watt's Patent, and 
lit. Murdock'fl working mode] of a )om- 
motive steam-cacrisgeln 17S4, 341-949. 

Steam -navigation, Mr. Walt's interest in, 

wheela?'168;'hlstoryoV381.S " 

Boho, 321), ^1; horse-power, calculation 
oU in different sorts of engines, tb. 

Steam-wheel, or clrcnlatlng engine, 131,146, 
22S : pirienn for, 14S. 242. 

Steed, John, 230. 

Btemheint, Sophr, S6T. 

etswart'aPatent, ik. 

Btone, Edvard, translation of 'Bion on 
HatbeDuitlc^ Instruments,' 23. 

Stratbeam, aoggcsllon ot canftl In, 17L 

Strathmore, survej Ibr canal in, 170, ITl. 

Btaart, Robert, 'Anecdotes ot Steam- 
eoglnea,' 38; 'llistoiy of the Sleam- 
enulne,' tb, ; aecount of Saverj's works, 

StoffloK-bos, 85. 
Sulphur, 240. 

Suu-and-planet wheels, 22T, 331. 
Suryeyini quadrant by reflection, new, In- 
venicdbf Watt, 13S; another, of glass, <». 
Swllier, hifl account of Baverj-, 113. 
Symington's and Sadler's patents, 848. 
fljrningtou, William, 332. 



— , liey. Dr. l^iani, 827. 
Telescopes, nsed by Watt, wheii a boy, 20 ; 



179; aerecmentof his lerals will 

of MrTWatt, ISO. 
Teatndo' boiler, 130. 
Thames, the, 336, 837. 
•Thougiils,' Mr.Watfs, 'On the Co. 

ent PflTta of Water,' 261. (Set ' 



, invented by Dr. Sin. 
of the barometer. IK 
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Tbw d mfdaitta; or ' lOcmem-lalAt; 88 
Toun,home,3SS; plil1nEiopM'»l. 999. 802. 
TovDBeDd. Dr., of Bath. 331. 



INDEX. 



Trafttisr meat 
to iSi fleet, ] 



.venaieh snd Blugden, 
lentert by Mr. Boullon 
1 Bojul Academy of 



Taltnrldi, 330. 

Y^YC!. lepilstisc, 241. 
Vcrbtest Tathet, liia 

VersSlles, ^00. 
Tiolins, msfle by Mr. ■? 



■achtas 



6=10,863, 88 



M^Vatt 

""^ el ot Clyde 

ITl, 2SI, note. 
Wiluole, Horace, bis oniDfon of UiB ' Cea 

toryot IaTenHon9,'S6. 
Wanlockbejid, in DumtHci-ablce. 882. 
"WsrJtLte, Mr., his oiperimoata, 2SS, 259. 
Witrwick, aiifford snd Derby, propos*! 

ebare In {be eugiDe for tbe counties of 

Waeborongli, Mattbew. 22T, 233. 



ff atct, CoinpOBiaon of, Mr. tf att's dlsmvary 
of tbe, 255, 262-2flli; progrea towards 

vS!^2&3: Warltire, »*.; Cavendish 
200; taroisler. 261 ; Monge,**.; W»M 
262 ; bis letters to Mr. Boullon, Mr. Ham- 
UloD, Dr. Black, Tn. Priestley, Mr. Da 
Lnc, Mr. Smealon, and Mr. Fry. from 
Doc., Ilea, to 26tb April, 1783, eontalntng 
blaconclualons,2«3-£66: greatooss of the 

membera'ot 'the Soyal Society, 209; 
Xnoivn, amoDK others, to Blieden and 
Cavendish, 270; as veil as to Lavoisier, 
».,- cause of delay of public reading; ol ' 
Mr. Watt'a letter eont^nlng bis condo- 
"" ' ■' Treadstoihe Academy 



tbe Koyal 9<>cii 
Air 2 1 t—- 



r,,270; 



W- 






I Composi- 



_. ..^. .. — . Watt'a condnsloiu, 
0- T2 resections, and meaanres taken 
uierean 272,273; curious double erroroC 
the press, and its concequenei 
Bla^^on a letter to Crell, and a 
■'— from It, 27'- 



d necew^ 

n4«pl''2T!t^2B5r 
era! result of the controveny, '2M ; ilrama 



rs odvwa 






""t^Rh^-. 



Bailee, 31 



of Ver- 

ffat., Gregory, (son o^ the groat engineer,) 
birtb.21Q; talents and parsalts,81«; bis 

reat enginecr.i 
eettlemeat In 
npat^ona, and 

9 ; cbildreu, 10 ; contents of his 
ops, 19 ; erection nf the Brst crane 
deck, io, ; letter from his son an 
1 of oatent of nen steam4DgiI», 
L S50, note; portrait ofSl- 



, — .U(ratb_. ._ 

blrtb. apprentlcesblp. 



ratt, James, (the great eDginMTO Us 
lineage. 2-9 ; blrtb. ID ; delicacy of enn- 
stitDlIon, ib ; early study of geomatrloal 

bnefetaob 
1 dolnees ei 



jnd gom qnaJl^H 

!».;»tlc«atlonaofmen- 

explained and refuted, 13; 

Mrs. Campbell^ memonnda of bis early 



larly D]i»rTBt]Dn ..of tbe co 



eofhisM^^g 

nual Bkiil, ».,■ 
., 19; etody of 
al iDstruments, 
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